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4 ojSJll 



tU^Vl JlLft jAjl*JI AjJJlII £_a <_u L_i_ZkJ I * I - * a - i*Cl i jvlc 3^L "Li 

■ jj-^.IjjJI y^-k£jl J ^jl*Jl ajjfc £-ft ill j < La - /vCJ ■ il^llj eL j ,j — tt llj k a i^Jlj 

fclj-j^l >._ t * « o > ^1 4 jl^*JjJI ^j_a MojLx^JI fc L_i — a— v^J I ^j. *oj— a y\j_JL_i D jJ 

jJn i^j^LixJ ^ a! I j ^a IxJI j. U^U j*Jjj <_>-a^jJj ‘L>^J V 3 Lfjj-ol — a 

fci _ v. fi ia-L^. Llaj ^ jj ^ ii jj^vi i % liIaj < < - pi \ ~v n >1 i .^_t^ji 

■ l. j LiCJ I |j_A ^jLa .^jlS-oVl j*a 3 jj jL^jVIj £j-*^jJI £a^.jj-o <<_LjLi^JI 

^ M ^jIaJL I^-jj N-c. j <_ljLvzwJI eLmUI » i iu^JuJI 3,jV^ 

L:LJI u _ A .^ L jl v^xLJIj fcL^Hj L=JI ^LlllJL aC5j _iVI 

oVl ?k llj i L j-Ldl oVI rv A > j L j\l -^.11 JJLo_3JI J La j j Jj 

.JJj qIjj^ai IxLijj 4_a JliJLI _>il 

djr\^J| a -tftt H iTil^jj^Jl blLIj 3 La_i SL_aJlj vIjI^lj J> LI ^pit Ul ^ a ,A~ 

3 LjjJj LMiJI ^JjjIj kL II CjI L iLbjj <J-aJI Li^t 7k II £jLiJI 

La j^Lj j^jLLIj oLjjjjUJI ^ l . a lj ^ 3*^-A.ll Ijjb 3-^L LS . Lij^JI ‘LljLxj^J I u \\ a -\*\ 1 1 

.L^OiJIj 

fcULi j.4 <_yLL I fr l k a i \) I tjr* L^a LL. < . l. 1 t*»\ i J a fl ^JLlJI J fill Lai 
< J) 1 ^ I . .. fl II Lj^oaj <<fclrv ill 3 >I Ll lj Acl^Ulj ( __L LrwV 1 ^A-a l^Il ^Xj 1 3 ^ ' 1 jj 

.CjLvJjJ^iJVL* ijA+a*J L *till Jl <iLol IfLa 

A fl _ a t »^a~ j| l-AJ jj 3-° J^jJI 3 vIjLllAjJl 31 Lv-m^^— AJJ 

viUjSj ^MilUUIj ^ "iilj v_ 6y> >r> "llj <- i . a , .n "ill ^ U. , "k < -_iv.A jJI .^AIavV Ij 

<LLLJl ^oljDl i^uLxj jjJoj <^Ltj^aJlj <uL a >*^11 I^jLL^ < Cj jj^JIj ^jjjuJI 
3 Lj lIi I aj j j\\ L I j LI jLLLI uLiiIIj oljj i K jL»^ jaILS «CjI -j \ a jJ I ^Ijjlj 

.oLajj^JIj oIj j< j^|JIj a)j! ^^>1) jJtLVjj D2 JjyuJjill «iUj 
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^ l . i^ aTj tj < /i ia'J\ l aa ^ I <_^ujL*^Jl 

.I4J ~». 11 Cj^LcLajJIj 

yvc J l^.i.Lfl-i.> J lfl-.o M . V t .*»! J 4 kA..JrJ^Jl LAjIjjIj j fl-ft k m Vj j lfl_i l-^ jjj CjLa-u j y01 

.^-jl^uJI J-l-oaJI j lfl.lt ifl * A*t jvli I4J ‘Glxlll jyi aVl kiUj 

L^aUaJiiVl Jj 1 -a -fl . UI lii^ixj jii £— jlillj ^UlJI J^ill L-a't 
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<Ll1Li^J| fcl ia i< H j iq flj 1-1 

4 11 i^jU j£I 4 1*1 1 i t ft 1 jj ^U-ucJI j <-uLfcaJl fci 1 A Kll jv 1 c. > 1 -V. it 

dJj J[ ftj-A I4 lyjLj ^jJI <_ul_i^JI <aKi SU c«Iju!I ^JLaJLIj 

. oX=hJ1 j ^ 1 >a]I &jji <jlaL* <Ljj jhuuaj ^i La J 1 

j j a a 1 vZjIjLz^j VI (jaW.ll JJ <^LaJl d la XI 1 0^0 j b 

O-oJJj ^ 1 1 £7 V- — C. j ^ ■ «*ij J Qa A l lijjjVl J* . r 

jfc 4UiA 11 J 6 J oLS jll (j-* (jaLvU l fl fl 1 ilVi ^^jJI 

/ < a ll ^ CjI t <Jj J-ll U~* j <-o l k "k Jl c. 1 t a K II j a f jl 

<■ »."k 11 olAjlill L$-l* (jjJI jIjaII (jiLk-a-kSJI l ^Jl i — uiljjj jl* Jij l ^ i-o xj 

< Li_> I jijvJI qI^JL jljl.il J^Vl (jAl fcllj « <JljLi1 JI 4-11 1 k -y 1 1 fcl 1 A XI l E ^ A <..l"ll. t ill 

U_A iljr^jJl ClUJI Cijl£ Ijl J < Ij AjyJ 1 4 _ljLi^JI c IiaXH i |jj| jqI <r>l •% V ) (j A,,i.ijj 

<<jji jvwil jj^al *r>~ ~^V I ^Aaii Clloja jkl <»t nit t~i.il ^ pi J tAj all 

pLv^.VIj ii^LpJI pLaJJL. ^ A-.mll r>.— iJI jit nj 

<jjLiJxaJI CljLu^JI pU^U I J n 1*0 <_GL^J l pU^UI Cj-*— ^ Jj JJ j - L-Q. XI 1 

, JjL_J 1 C [ L.a L*\ ill] ,\*\J <J^aQC VJ I 4jjLusJI P \ j. a. jj 4 .A< II 4 ^l-.l- -V- 11 c l. . L A- ^Jij 

. 4 jj|_ljJt CjltLl^Jlj ^LHI t tuKi ^ U *~ ^JL) LS 4 * CjI 1 1 lIi'i <j .~.i L . i/-» 1 j 

.£j| .... JjLJIj < > ■ --» ' »Vlj <aU^o j jtllJI Ij-A 

pLp.Vl jJjd iabdl £^UI 2 - 1 

<‘i»iA‘n Ipli .aj Si tv 1 1 JK .\l <_oj|jJj tl 1 vV I <■ It- jtuvi 

oli jlv 1 1 jTjJLj {^jJI ^jl. .*py I (Jl 4 >* I . Ti |V I fj jk A *.l 4 L yjl 

. t lij 

< tj J I pjc. I ^ ‘ia < it*i> * CiLual .<-»~> vl CjI j SjjJ— c. — 1 Jl 1 j -4 — ij 

jjtj ,< vL .. al l jtltj jtlcj ,<ivVI j»-k.j .oL-ilJI jtlcj 

tLtvVI ^ - r Jv .1 ( _ > Al ill (_flj j /j_ju 1 a < ill t ,v II 1 1 ui*! H La^ II 

■ 4 ilvll 4 i)»“ill ..11 1 4 -^£>Lvj 
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t yc. kdJjSj ,U 1+1 ^.u^j *_ i- -v I I jljll {jt- ti t -~yi *. If jy*-^ 

jjl J_J ^jl — i ,jjjjl» Ja^.V JJj .4+a. jrvt jlj-4 ,j-* 4__pl j y_* (J*j »Sl — J — aJI 

< ln ...l^j (L. apoj <tn-k i jjx. 4 * t a. 'll 4 ■ -»■ H Ctl— » jlA. I I ^4 iiiU ->l i r-. l ■ il ~ *\ I 

SjSUI j ipLaJI q-l~ al j , ~> JI 4+ wi oj£L» tijjTLt^Li* £ _>kj Jl a. 11 

( (j“* ^ “ ‘ Vi al^aJI <jl J-C- jUjVI jvj j-ic. ^-tttlUl ^jjill <-tl+i i^j .4 j ..o jVI 

. * ij^PJI aJJk ..“it » 



<Uzdl QUulSil 4jtll j^l| ^iUI 3 - 1 

: 1 Til i-v II c .1 ia t< II SUiij j SLldJI t-l la i*> 
(^r>_a. CuLaJI iLuuiJLi ^ 4 (_f jJlj al^Lt-ll c L mij 5 > t-Jj J~" r ^ - .■ !■* II Jj j ti l ys~ „,.» 1 

l^ya LjjJI ^‘ t - t -1 ^^4 ljlL»+i» ^ 1 * IJ iCtPLllU jjjLuuill vJjSjUl ijj «■*!■ (J-~o +J 

(jlj i 1 a^>JI tiilj j *■< *1 -t.il s_j — i^-bJ 1 ^ (_^jJlj 1828 dm ^+_tj+aVI cjljLujt 

j\ tA-t t ^4 k j l~t 1 » ttLttjjlill < «->• 4 U . ..Ij 1 L a » ^‘1 ,r»~i 4 t’tlj ■ ill ££jl_pJI 

Jl |_M jloJI 'I * 6 jj Jjj j.’Ctull j°t~ ClLUII <J CtiiJl ^4 JlA. (jnU* im 

.oLajjjyi j-ix. 



(^jjl ‘ J'l* *"» JlPal jlj_yJl * ' f I ■■“' 4 *t ■ ' 'I <_uL_i nJI il ‘ 1 t*t II cAlJ 

jj*ljj kOj^jJI Cjl-laJJ_^JLl Jl_ 4 _lilj ^UJ/V^il jjjl— J — tt —J^ II — II 

g^ljJI t>l,-t<\l II < 11*211 ■ 1 ; j_A La > j ..-. ft <jj j_JtJI tljl — a — uojl 

4 . At XII . ~ ■ M gi I i~ 1 1 ii^l ajl ^ > ,„iAp J[ Cijl jjjJlj <— u I k il l Jjl J I — «. — ill ^4 

4 * * *l~ jH oUl a illj 



: UiLaJJ ,^Uw 5 JI »UUI 

; ftjja 14 ■ ~tl ijL.-i* Li bLkU ^L^l allpl lajtu j^u 

4 t~ 1 1 - J I <jjSJLI j^oliaJI _ 1 

.^<jjLaJlJ O^LuJIj S^ruLuJI <-uLj»JI — t_< 



(JjOaJl ^ Sj ^ 1 ! ywaLlaJI ^1 *. ^ (Jiijj : 4 — l . _ i -t I I Ctljjj— aJJ y% 4 *llaJI — 1 
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UJ-jKII ij-» » t-t— j v L- v -l. i \ 1 ^jjaJI 

i^oLaJI *.i j jH jt-oIIxJI % 96 ^r^j^lllj j i n <: jVIj 

.%30 Ojj\£JIj JJ— * — m — illj (j JO 4 — J — -nj £ • 1_ » I 1 * *»_» » 

< 1 1* *j~< vIjLv-^ i<.i.. ..i *il I ajjt ^-o %1 jjJillj J-i J. ~<jl 

* 

^r-ollc. ^ !a_ a. 

: <j3LajJIj s 4_uLuJI l~iI*j j-*. II _ !_i 
: *** j *_> ^ 

.% 25 - 8 o^*JI jl^ll -1 

.% 5-2 <j j-coJull _£t jljll "2 

.% 90 - 70 *UI -3 

* 

CiLlS^II Oo-Jq LjjLuuS < uu/ij Sjj-mci. j ^A-» i ^c. Li5^a2l o t i *^ ij 

tdlu it -tfiiL j~ •>••» (jjj jjill ci^ltlUJl Ojjiaj 

: J a , i.~ i 1 . VAJI i i . .i !*■ j 11 ijj^iAxJI jljll L»1 

. dj jj Jj A jjjlfxJI 1 

- V 

, oLaj jj^/l — J 
,-| l ‘m 1~1J » I I * 

_ j 

■LuLicJI ixxUaj uijjAj 4-1 

Cj^lt Lilllj < t-> II <_lUJJ *» t Kl l i_uSjUI jJt (j * i A t j 

»l 1* iSJIj >L^VI *■ If (JS JLuajl J — M OjSj jjj » .HJ <t-| 1 *^ Ij ^ uJ-^kj (_j^JI 

*ljjj_iJI Jj— « SjJj-a. jkjit <_5iL»JI 4 j-* _>i1 J-tj lk _ikJI 

.U y\t j »L-a.VI jdt j lijjl^aJI 
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<-1j jia J-C. »lVi» < 4. * t *> \ * tliLal I (J [ 4-ijl k-k-JI »Li_ i5kjl «. If- f •“ * 1 

. <. * > »_ > <_^ i j aj i t_i^ijk*jT 

: <LluIjjJI u ^ J 1 • 4 - 1 

-Q- J : Descriptive Biochemistry i^i^a cuL^JI A _■ * _»<!! _ 1 

.4 i M La i*C 1 1 4 ilA. II oli 4 ‘ a . ^-.J 

o^Uiil : Dynamic Biochcnistry <.Lm_£Jl ^ 2 

.< i~> Jl 4 j ■*•■ <_kjLuo2JI 

: ^1 ^iLSJI 2-4-1 

0 

Lil^ CuLilJi 4 < % . t .all ultin 4 i-utj J ^yn -A ~* ; <L»jLui| <LuLl^JI c-t t-A '<11 - 1 

4jjLLM pit jaIIj ipljl i * tl l — i'll! -A lj .Ail • ■ i ‘k _y\\ 4 ila * ^ 

■ 4jjljjJI 4 _l 1-»JI j ijij u^JI y^J 

^ 1 1 a i*\ I i ^jj^k-ll ^^LAIAYi lj-4 (jjx .a_~.i : S. 1 1 Ij ' -v 1 1 A^jUaJI p-L_i_a_i£JI * 2 

i ya ^^jjl taji (j ■ *~ ■ i -s.~ <^UajUI o^ilcL j_iJI dJj-flj ,4 ulj — i aJI 4 i l~k . ll 

.LiUJI 

4_uJjj Jx. Lfj jjii ail 4 ~. L l - v I I f.Lxa_i5J) j > ajj * ■* . J . 1 1 a l il taJ I g-l a II * 3 

<jj4_o (J Ai Jl ^y> ajla~> mVl jij J 8 j <6.1 4_ii~k.ll Cilj 4 li i in ill 

jljllj , 14 -ij oAij jjjJl 4 _l!i1 xa L<JI o^lxlilllj 4 ofJ ^Ll^I ^ ~k l I 

4 L ,A jil 1 1 ylVC ill 1. 1 1 lui 4jLl_>laJI 4_ij*-0 i~l1j ■■■ JLlH-lJ .U Jy-i-t (jjJ! 

^jLoAJi ty* j-i.t» 11 4^kj i. i a, t5k .) 1 j! <iLfc-a| iCjLm ^ i— i — * 

.oVjj^JI ^UuJ J*. 

J&^Yt eiHL. Ca^ <jSL^]I oli^-xJl J.-A’. : iijUil £»3U=Jt - 4 

.bl^oll 4 it Itt-v 4ilk.l l Jl l.l ji .11 al^jjl 4_iitj_i 4 ilk II olj 4-ul^ k . 11 
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: uJI ^lill ijLub 3 - 4-1 

<Lt jwuJI JCtUaJI >LtAtlJI 

OjI j j jSJ I oi »il l : )J a I^IJJ 4 oil — I aj\ c l > _ a |*\ 1 1 | .itil I jfcti&J l (Jj-iJj 

.^iiti lUH <JLsJI j * ( _ r ~co _>il 
: M tAt^ll p-I-ti j A nl i~tJI pLusoiil 5-1 

CjLi£ jaII i-lilxAjfUl 4 -*->L_j a J I Ijj^j 4 il l 1-.-1 1 A 1 a 1*U ] 1 B.lj > 

CiLljjtj jlxIcVl jtt (jjji .1 I4J ,_yajJuZ O^Lcliillj 4 jj — tA.C^UIj <JJ < i-i ti l 

(j-laxj aJjJxll — tllj j 1 a. ,i» 5 jjJ_ju!l ^ ~wl ^il I (j-* A — j — a. j*s ]l j«Jx. 

- tai l IjfJ SjAjtiil 4 j uri .Ml 

ijl (j-c> jAjJI Sjj»iil cl 1 a 1*1 11 -~t -Ul c*l_^LJI <> ^lUl-^l 

Ct^LcLiill 4 «_ t jU (Jl <jjLj-tiJI LfliLa tt-i 4_wjIjJj <<jl~t.ll olj-j£j * 

&U-Ot lj^i_i i—fciiai i ! t oLculjjJI bjjk 4 « i tU . . i_..<t. 4 jlHJI (j J.*v.i I 4 <*<lj » XII 

tiJJ J < 4 jjllxll 4 j-cliJI ^yn CjIjUIj 4 t ttU (Jl Sj— > — CL — > — * C<l — 

■ 4 -kil n Jl j L^ja a yti.crftll 4 -til ijw J I CtljjjoJI ■ 8 ‘ j" J - a! ..."» ^jJI yvoljVI 

4 tl till CjVj*>- < tll ( Jta 4 jjLi^w 4 1 a A 1 J - 1 j <J j . Af. Jj I X jji Jj ll A .JLtll ,_ljj Alt (J-C-J 
^o -ii (_J j!lj < 11J I javi 4 ~v tit (jjJI <-JjljVI_j iCjjIIj jj-aJtJI ». > tt«i I — fj-a 

iJjj-'ijKIjj idJ.ltil o-jlc. ^ a «i...i 1 ■■! 1 ij j j jivl l ^jaAj Lat il 

Ol j- ti-ai “ <aj £-ti-llj 4a»l->yj LLti.1 > 8 1 <01 viua. 4 jl_cILu 3J 4 ull—C. 4— _l A A I <J ^jjl 

oLla*Jlj LMUI j tjjc <a^_a ufr 3 I j ~ I ai .V -J < iLu^jtjl^JI I I Lai iJkaaSlI 
. 4 jl^ ' l j i l l kljljv-LuVlj ivljl JXaVlj iJLtuVIj ■ 1 _ jA-al-t_l l JjjJUfJI < 4 -til t *t II 

CaJUjjjVIS 4 t. n t i I 4-1 B — it J l *u Sjj. .« -i a I j a yJj|i.t_»VI I — ai 

Olil <aVl JLt J-C. 4 -J Li-Jj jVI o.l ill 6 yiliB I aJljjii tlit-a. li^JLia j 

0 » 

-<-^U jl| jl O^IK a t-i 1 1 I . in.nj ,L ^ ^ A A 1 **t i t aV \ jyiJJ < I 
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<l» jj jsjjji m i-kii g-i tA v<n 6-i 

: <Li J jJL^jJI ^ <LuU-aJI pLlaaSJI jjj 1-6-1 
• 1 1 vlX-i V ^ 

4 -ajLuaJI t - 1 i n 1 1 ^ ft * \ Irk * 1 1 *_ -i.i l — aJI J-C a . l ^ m 1 1 ^ y ~ -- 1 1 ~ i I ^ ^ia ■ ill' 

J-t .AXa <^JLxjij (_ KV> ♦ “> U ** (3 <-a— Q — ° 

' Jj La-i jiau Ct^Aa-a oLo^ii-o 

. <iii J CjLa^jIi- 11 (j >-» >J - ^ 

* 

.1 / ^« 3 i C^Loj-h-tl t>SA J-C 1 , 1 i**i ^.Ul J ^ 

. 4 .J& a a <iK — jr 

* * 

t-\ <Arl lj - ■ ■ ■■ - LjjL*j • ilU'i . ~ 1 1 a . --a Ij 1 1 tt.10 t j ~ *1 l*\l l ajjk ^y-C- Jj - -- -> 

J t K^a _^aIIj -TaA-I I j jjj-Ulj i- tit tall (j ■“ ij ^ i li l t I Ca lavILi at>I f-VI — 8 

jjjJI 4-ija*>*fc II i jl^.~ill Jl J Uilv% ~ill <JJjj njAa _j — ai.) 

: <JLJI oljLauu^VI J* i^UVI 

■ LjJI a i*i mV lika-i ^jjl <AjjlaJlj J-C. jjl jLaa^VI 1 

4 ijlla_ll 4_1 a II ol J\ lA'^'ill — »— * 
-cK^>U <Lj ^jjl Jjjjl _ £ 

.J^lUDl t a. l ifl 1 — J 



: ii jy±l 1 JaJUOH 2-6-1 



< I . u.\ I Ij J-^ll Ij ‘l*-? oLa-UL J-C 4 ■ A*C U (.‘111 XII J.JI a. ill — a (Jj -y ■ 

alj^.y CjLj jV I QOlj (Jj Jal* iu'i (^j4i.VI JiU-JI L*1 iJoil—iJI J-C (jj.. )' jJiVI 

: «_. M ; ^<I I ^IjLlkVl 

.^^All ^L^UI JiLJI-1 

■ Lf^xil (JjLaaJI — a_l 
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. V UUI_ j 
■3^ - 

.St i-o-jJI _ j 

. >1 jjJI ■ ~ ■ t V j r _ j 

. oljjSil) £,>i-)) — £ 

Jji JjSliJI <il V [ <<Jjtaj — ifUl >!*}( tJa. . jjl ► * — ijjli <JllA L /^J 

j^i jjlJI ,jjlrt!l (JS j Ij jjt i. »~X-J oljt — u jVl jjAxj £t — xjl 

jj-IJJ 1 ^ffvJ} J-.YI t .1 LK~ I L* I tf fj 1 1 -v ~ 1 1 I f . / l jf IJ ■ ~ 1 1 ~i J « ) ) ^ J T > i. l' t f . 

,<JujJ J| (£Jjj <j-LuliU j\L t ijjiiJ I ■*■-- ~ tf i Ay pZ. 1 jjjJI oUjjJU <Ljj 



: ^ oQtatJI 3 - 6 -I 

J uvi CiJLv. i*i j jljil (jJxjjII ,jj* i i — ujLJLI Cilli— «JI 0—^1 jjyvAjI 

: J-c. Ij »ui JaxII 

.6 jjiUj bJ^LU .!.>! mil _ 1 

U^yi .Vi I j-»VI < 'llr»j > LaJj ■ mUII < ^>L_aJI ot — »jt~> .mil £.\ <1a£Lj _ i_i 

. < i tu IjJLI olSmll — £ 

.1 ^lilrtll <3»lGa. I L*J 1^,14 6-Xi. Ij LkJJJ .-il m II kiu — J 



: ■-■!*■ n it lAa-w J 

.Af^j J-c. _>j>» (jjJfj ol ij »H £*y> ,3^*— ^ (j-» JjJ— <JLL* 

<j-» O jfc Jj: 4^yyJI OljLuJI »1 Ui-^.VI il| lie Jj ‘ ~ II £_jlijJI 

.^.11 c. j^4Ua. lull! * -» «~‘i ^ j 1 1 



(j-4 ^ « . A~~ ,-.l‘i |« H 4-4vl LlJ 4 Lljia Juilu 



OUjj 20 jjt Ji-i V Swll JjJJ! jyLi. lj -»t .y' ^ injll j-* t— 4 » 
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<jLj l -a I f . (_ gklijj JjLa 1| jlf- aa a. 1 1 ^_u jl ia j*l * j i (jj. »JI J_3>) l. ...» 

J^a wA*^ll j\ » V i la. i l f .j (jj * «»| < mil j l| llf. Jj__ac»_aJI <- -JI -Ml aju* 

. ^)-l5l yLlI {jj* % 15 - 10 -LS Sjljj J-waa-j >_i J! ^4 a Ira 



* > iU it i a ij~< „ifl j» jj| r t r. j< A ^LsjjLi 4la_u jl,l a 1 "~ , jM 4-6-1 



«UjuOjU iJlaJl 


uj 1X1 


. jLJI j,^ \ ill 


JakaVI 


.^13j*JI 









: i i lj~-~-N'l ^UajiJI jfcljjl — i_i 

CaJ *2 .<jLjLa-k.nl -1 

(J^t) jl^JI _ £ 
.■UJjjJI <ajJLa. ajjJI JL^kila-l — J 



< i^ jK 1 1 <LkljjJ| jj - « _ _4 

■ 4 l \o x\ 1 jjol_>aVI — j 

IS S '- “ ja . ‘ -^j-P 

(Jjlj* kglll jl-l..,LL>*j l | _ 1 

^ ^ i ! j L..t! 1 ^^qI^c. 1 _ ,_i 

. j£ »t ll — £ 

. Ja.t- 1 1 _ j 






. Llj ' ■ - _ Jk 

.►bull _ l u^-^ 1 J ^ -»Lk3Vl Sjj 



. — k-j 

. Inis ( _^oL*jkJl — j 
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. Lo_^J I _ i_i _ 1 

JJ 

• j»UojJI 1 

.*jl 1 Jl 1 1 1 J^U 

■ C L*£Jl 



^‘i t~ 1 ' J- 

(_jvic.Li 



uiLLuijj 
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Jjl uoJU 

JjXL jjlSdJIj !jt a il Jii v j . a i U *■ _ <_uL_^JI tl .1 it t*C 1 1 — 1 

. 1985 - jl^ij CL >44 ouilu _ jiLJ.1 ^j^ll 

j>J 4 , .. ^ i n * ^| J — a fl.fi JaX. i ft 1.1 Lj _ 4-ut >->. II tCcu£J! — 2 

■ l , .» i^J ij *. i . ij <cl *Lil , V> 1 1 

3- Micro - analysis in medical Biochemistry, Fourth Edition, Arabic Trans- 
lation Wootton 1985. 

4- Gell Biology, Structure, Biochemistry and Function, Second Edition. 
Philip S heeler, Donald E. Bianchi, John Wiley & Sons, Inc., 1983. 

5- The Chemical basis of life, George H. Schmid, Ph. D., Little, Brown and 
Co. Boston, 1982. 

6- Biochemistry, Geoffrey Zubay, Macmillan Publishing Company, Second 
edition, 1988. 
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^ISJI ^ ^aJ) AxxLpJI CilxjjjxJI 1 - 2 

cjUjjVI s-ihA..a a 4.A"j ^ jJI ^ilil JjUJI Jx. 

uj^ .aJI ^Ui _ac* I>J i<AjLul1Ij ft _/lj uoJI < J*J j- % .JI ubjvi -u 

. < a l~i ->. ■» LujjI >. ililj ftXaJj < j ■ Ar ,J^ j jJjjVI 

140 £-Lu <_sxil ^jUJI _4I uj-jVI Na+ 

y\uJi_ij « < > 1 ~p Ixl I L^laJI [_3 ' 1j*A ' ^ J 1 1 i ,/kU j c- (J-* 

j ^ l — j iti 1 1 (jjjl x— a.j-> L»S ij-i.lxll 1 1 ojfVI K+ 

,i rt " i>* j j 5 1jLj Ljli. jrjL-^b S?j^>4l cjIJ-j— »J1 JS 

Cjlj^Jjl—Sk CjLjjI £-» < — liiJI jrjl — i- jil < J 1 mil (jj-iVI (CL ) Jjj^KJI jy-*-Jj 

CiLjujj^rdl jjl Li <CjI — aLuJIj viil i i.ijJJI <_Lis sliL ■» (HCOj ) (jv^-jjjx^JI 

■ < i~ k i i.i ' i l l (Jjlj-tuJI j 7,4 jjXifrJI ^Vl XiC. <aJLu Ly-k * ii Jaxj 

pill 1 j \ a t 4 o'"-' 1 1 <ojl_j a_ i5C,l 1 Cjlj^yiil <j^kJl 1 i*S l-k I I ^ -> (_g 

i.L^jJlj — kedl : Jj — ft (%5 - 2) CjLjjVIj 1 % 90 - 70 , J5 <»i j 

ftjrs i a /k il Lul y-kil sZiLjj^JI lilljSj <JkJ i »*>«llj oU CjI aJxaJlj XiljjJSJIj 

. % 25 * 8 4i* (jjJI LjLulJ Ij 

k-ufkjj j JJkXi «■ ttililil Jj- 1 ?-^ j _r-aL*-!l ^jft^ (jl ^LjI 

il^ > Ij (j-* ,JS i ft _/j — uaJl ^puallxll J[ jk ,... t ~ Jxft-k. (j-^-11 jjllill 

(J^ Lftjjj .4_iJjLll j ft J jll Lull ^y» %96 4 > <-u~) CA^-JJ-J^fJb 

XjJ — ^Jlj ilJJ^illj I — 41 l %3 4 i ii/l i j j ft ■ .i « l(j «. j t ^1 KH t j_ft 

J^ollc. (_y» Ll--V. < 1 >* . A oL> *——• ililj Aj l 9o ] A ■ ■*■ J J K ] Ij p. jjJj —Ijlllj 

f->‘ - 1 . t -4 >^b j^b ^ j-^b ujjj-^b ^Jj^b j .“ *^b l>"^— *^ b fj j * “ j^ b 

.fjxlaLJIj 

Jtjjft. (_jxJ1 (jjjjlSUI ijj-^- LuL~k.it cjLftj^JI ^ jjjLuuill ujjl aJ! JL 

lj >ft j*u_;l L ft A 1 • ii i tJjiift j^aljL 4 L " I L ■>. II ~k.ll ■ » ■ ~.*J (j-* %50 

<■ i y^jlill (_JjJ Caj 109,5 ^-Lj <-usL^ Lljjj k_uJ\j J ftjXj <Lua-j — > 

kJlxA tilij uju-uuj (LuLaJI oLj^a-ll <-jJxa-« ^ Sjj (j-* l$J >. i ■* 
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a_j>IJaJI 61 XA i ? j iN — Jl jl . « . vi olj <— kjljjJI ■ 1 1 1 1 4 *. 

I^-aLa^-Ia jU-o LaaJ i_AAaL.j (^jlLI ^ ■■> li (_£4jl .1 > >-■»—' til jvj litjj 

< 1 laII <j^aAaJI oLiSjil > »a«->Vi dJj Jl iiLaj .l^JK .i.1 ijJJj_£j * ill JJ.I 

dllj I ~^A A dl^J^A Ijl VI tft4 >La 11 ft ^p-oVl Jj - a- <i.lfUI jjljJ.Ajl IAaA 4 kill aJI 

• jljjjJI J-lxL UjOi .J^jjlill (Jjjj J-'-OAJ iii-i 

dil — a — uaJI Sjj J j — i. S jj . ft ill j-olj^U j^c-Li j i_jj_5k_^JI d-itjiJ 

* 

* j ■ ^ <il3.A.A olj j jl 4 al~i~k.A \ * J i <L» q l!u j^k- 1 ) I j.-~x <— a.% ji , ill 

* 

I i a A I ... i 4iuj_^il ftj ill ftJftlVi a ji^c. ft _/L.VI Q 1 a a* ftjjj 

i-J jl_j-L I olJaljULt a no i~ a O >_o J ( * al~iA. a ■ hUa £. i jl A. — « 

JaLoaa wJJJjJ Olj ftl^A 5 j^j-aq Jc ftjljC I j j» ft.L -> Ij J£ (j^>A — » 

^jLaaUI <-tl I, tall dl 4 LSj toll CiljialjllLl i-l jlJ.1 diljoljlil ^j-a uuj . »l — L — 5JI j 

< 'Aa'J I <jiU_jjJJI dVi — lAftJI j > al~i^~ t l^.jl VI < l$_> JUI d V — cl — t "til * — > ki'iIU 

,t~ a . . .. H t-j i rt II 

l>~kjVdJlj Cr y “ ‘ < jV Ij J- J£ £Joi-_ t-J tJJj Jl <— *1 — ^»l 

jrbjVI Ja>> Jc U_>_£ j L-a rt Jj£n ,jLll < - aa *1 ,a I I jAAftljVl 

(3 LjJ > ytX dl lj J./ ill dll j J Ij j j ^.jU~ I .I~I Jl Ml Jaaaai J-C j a^.ia ~w 1 4-J-l Vl 

<d>ljj-ll ftdfj L*.jjJI dlljl-lil t'J-AJ tliljj £>JI Ijjft Ja^Sa <Aa.jjJI dlljlj— II 

(j\4fcj^ijlj JtA. . I aaa.^ j V Ij jj JaL^JI dlljjJ <_^.jjjil Jj— c dll— jjyt-jS — JVI J4. 1 -.* 

j jjDl JJ i>^jj-^ 4 -II Sjj ^ Ia-aa n-til ft "ill i,_i.m t j 4 <3 <2 ■ 1 di^jjDlj 
Jl u^J^b Jl Ca^jJLIIj l( ^OjJl_^_ll J| Cr—y — a«-SjVIj iJ-^.Ij 

.ij j J£a LoliJI dil jlail ftjJL diljjJliJI 

LijJ^JVI ^L)jVI Sjl AAi— » Jx. ftjdil! j^jjliJI dilj-iii < a-a I I diLLJI L »1 
^ t U" ... " <Jcj <la^. Sj V t.M a (o^jLi -. j^jLS) * Jj~La JjjSj ^ 1 ■♦» . » . ■ 

dili diljSjil (j-A 4 it*i4 A £l_p1 UaaLuiA l| 1 A « -l J-A JUpJA jl tjlj4 

jAd^ll ^LJI JS^JI <K.l* dJXj <C >111 Ja-3LaJIj ikj^UI J-.3L*JI 

,<Li j .ai I I dit-iS jll olj <~iaI i-a.II Ja 
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5 J-* » II Sjl* ‘ ■* J J (J^.lM^jVI ji lj l ill -V. I y-oLixJ I J 1—^1 ^yt 

jj «*LLI (jjiJ iJ JLiioj i-i3Ltl!l — uuVI CjlijJl* 

< i ... ,*Ljll A-k l J_L$Jl jG_*_l LaIu «^.i l‘l jJl JJ.l]l i. iaLj It l it < J I A. r 

LJ «*LLl <-vuoLkj <i->Jl oLulfDI j Jj»-j^ jfJ al j ~> i 1 1 4 _jJjVI 

(jjxil (_g_>^JLI j J j-o <j1 VI <-LjaJ I oL — 3^ SjjJ (3 Jj. _/vi — t 

.jjILmU *LuLi3»JI cjLxLbjlU 



SjoSJI olk&aJLt 2-2 

: Ci U»-ujjOI 

>-> . Iijjj CjLuj JLj 1 _jAL, a . 3> VI (j-* JjSju ijjiil jljil jkjJ £y» i_T*J 

, LfJ V Vlid <jj£» 

LuiLuil ^jCn 1 . 1 _^i\ a„ltt a < i‘i i -> jyLiJI Cij iA«JI oLiS_>ll jj» Cjliuj./'J) ^ U j 

If-k^SJJ ^ 3 k.* 4 ._ ^j Vlj I f Jlj JjJj^JI jvolifi ^y» 

. Ln-iJ I j ' > kII Jj-» CjljJjJI jwalit jAl » j jj» - -■ j til jkoLiC I 4 J jj j Ji.V j 

%23 (j' a~ui~Sk_jV l_j %7 l^JI l ■» '■ ■ > l ^ ‘ - %50 J J .3k jj_ij£Lil 

<U*Cj jjl4k.i l I J-c. j-ll |»- 4 kjj -Ojj^JI J-c. (jj , ’ i -i C Lfi» J-a13j 4 % 16 C 5— 1 

.%3 



4-ia5ij < If jj J J * ■ ...‘til ■ <Llj L I a i$J lj <J » I kLJI Lf I j - -k (j . ~i l~^i~ j rJ! >. *la. -k j 

■l~ljj*t*C> jjjJI <jjju»VI u^LjkVI 4_-kiL*-j j 

ij'j CiiJ^S jjdl jj.t* tkll jkoljVI j * ■ ajj oliCjjfJI ^ ajj- j. jll j—oljVI jkJkl (jj 
JkoljVlj < — CjjVI jvoljVI 1-1 1 A *4 j i Jll 444.5>JJjt K H <— C.J— * > «J (jj— *VI <— C.J 
<la-kk44j Ciliujjj Jj olj-uj/JI j k,.4 4 4«~ . Jl—ijJ (jl_j tSj-j -r“°Jjlj i'l 

LfJj ^ »u^k 1,1 jl J*u < it 1 1 1 1 l* 4 Uj ■•■■I! * i<n A«j »i ii i- i »j 

Jl» oUjjjjj -lJkjj jjjaJI jj nj'-a-Vjillj Jvj^V-llj iIjuujjII J 1 1 t i l XjiaLi 

jl L 4 S <jJI ... jiljaJlj (jSiJjJlj 1 — ij-kcJlj j_iUiVlj j- « -.‘k l l Cjljjjjjij 
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ol wli-J— • «J— jJVI l 4 u j <1 oj — - iJ ^lll ij II kJLj__4 

.oLIaaIIjjaJIj oil 



oL-d ja JjLIjj L^a£ .i.7i» ,.~t i a.L l_xll dllAj 

. 4-i j .4a1AjJIj »<Jj 5l ,. n llj .1 '» i" 11 <]cvjo_^1I ^~xa l—rd, I 



£xaJI L>Mi»J) jj-a ^jLij 3*2 

1 839 ^ — ^uijvU « Theodor Schwann ^LSn 

Jj wi*.A -> \ ui o^j ■ {j* jCix-i 1 . 1 > ■■ < S ^Ul Ixa ij^-> 

^LmJkjl (2k° Lii*4J 4jliJI ^jlj iLiHoJi JJX t^ya tl) Lilli ^ (2)1 ill! ^11 ( _>A-ij 

6 S~& ■_ 11*1 ^nJI SjJLla tia. ajL* ^jc. ajl K-t- L$_jl j . L.^ U a ^li) 4 i.Lv J 1 

^ Jjlj . jUJIj Cj L ijl j jd Ij (2)^®*^ 4 j1LoJ! iX>l iLm II {ja 1$ it diJ 

. 4.4 1~ ~L.11 jljil jl^U Jjill j LjVjaJI 3Lla» itjixt <*»»■« a 4 i_xlij <L_>l=v (JS 

.jjl ... ■(jALiilVLi ^^LiiuuJI UlLlj 

biUJIj UlUJij .Ljji!) L3LdJI dll*_i j L3LJJI 

LiiLiJI aXA jilj — > Jj Ijjl C£jl Xi ij iuIxaVI olj Ij V — :U|j ‘XjljjJl Cjlj 

LMaJlj LilLi (3 <jlL=aU ( JI, < L.iii VI 31 a — 11 iiu. a. *4 — U l^ -a 

L^UJI j Ojlj2^t C»lj LH-iJlj /j1.Lac»J! ^-Mitlll LilLi. j Lu :vlJt JlS-iVlj « 4 _ » 1 a xl I 

.aIju«V 1 j)x=d ^jilUaJl jsahuJ) Ij^I — i. j _i!.XaV 1 villi Ijll — < 4— J L-‘ — ■ <* > vl l 

.^.xll oL_)S Jla 1 Lj^LiJIj j j*l 1$ K 2r° ^**1 L>1L>. dllAj 

LilLUl dllAj — * 100 - 10 Iaj LILUI ^ ^ — >. 

lall j oj^k .^11 4jj 1L*»JI UlLUl j- * • 0 I — 4 — tjj d>^*i 

,ol >Olw 5xt 
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4 . 1 S >a?v. ol ^ k_iU5 j 4-2 

JliUl - eLijJI - I 

jljil jx. cj^xUI - Plasma - membrane 

Jlil alTnnll — 

. (J ?^ d i ajo;...ol — 

1 .0 _11 *liJI - Nucleus sl^Jl - 2 

. 1 .0 ~JJ *UJ J - 

_ Nucleolus ij^Jl ■ 3 

«LiaJl CiUi ji JLh»-SI *1^' “ <j-»jiLjaiVl - 4 

.tij^ll oI_a 1 *oJ)j oLi-uj/u-LJ - endoplasmic reticulum 

. <-tlrw II »lja.V 
. < in-.J-l ijljl — 

. iillaJ) lVt.7>. 

■ ^ ^i ~> J ' ^.* b i > 1 L ^ Li ! \ 

■ £j Li* jJ I J JIiIjJLvA^jjSJI OU-^iSl 

•f^4-*b c>ij& 

. l£J t ^SL l 

(3 j»-U>-IliU ollolljjd! ^y_L> — - 6 

. jrjU. olip^/Jl Golgi apparatus 



jjjll! - 5 

Mitochondria 



- 31 - 




oUujj^U ^Lll J.L-v .3.1) - Lysosome 

. iZjLu- 4 jJlj 

t3* * »* * ^-dl a^ L fc** $ VI ^ ^ — c.1 — A-i » — ~ ■ I * ^ j s* ■ 1 ^ - 8 

•cA^ 1 Ca^-^jVI Peroxisomes 

.(_5 i _jliJI J f> «!m M j (3 ^vJkLuaj — 0_j_4__aJ.I t^iojUVl - 9 

. Aji^ tjll OjUJl ^jC <J j j^k-o — ol. 

^1 qL^.aIxII -3 - microtuubules and 

<_j!j_«VI ^La-VIj .il—iliJlj microfiiaments 

.Cjlj-u (_jl i-^-l 1 tlldlj 

oij <ajU_aJI CiL il*..*JI Ljj |U>1 mj ~ iJ^lu ^.I jLtiJi - 10 

oljjljj <..iii- xVi l _^oLuk.V)j o L »i*jJIj Cytosol 

3 It llll iJcuiil^j ■Culj.tLA.il jLtiaJl CjU iltJ^kj 

Fractionation of Animal Cell by the Centrifuge 

^jc. I ^ La< j <a!3JI cjLjjS-* ^SjLtllll^ (_f j ^Ivl) <ll iJaxS — 

* 

■ii-3-j i>xk (Jj-otll <^Ltf /Lfiji ijy i^ Vl fjx. UUtl 4 th% j 

fjit (_f Jjjjj JjjSwuJl J^Lfc-a ^ £_uijjj Sjrti^a £-ixi JJ (•Jajjj 3H» ylj^aJI ,l.i. S 
. Honiogenizer 3l+>> Homogenization ^Lxill <A+c 
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.Uil VJI J j l.aJ.I 

IIOMOGENAT OF ANIMAL LIVER 




(Supernatant) (Sediment) \j\ 




(Sediment) (Supernatant) 





fjjj— ■ 

Lysosomes 



pLmoSJI j LSjjjj UMaJi 5-2 

Jjw» aljill i ol— 

< ■*! i-s. II 4-uLuLi^Jl ciLuil^jll Z j 
< LMAJl (jt LaS li* () pyt.i A « II {j* JjJjuU a JjloJI lit.* .1-1 J — a j 
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al l-wJI ^x_lc olaijlVi Lft ^4 IjjJ 1 > A j 1 ^ — I <jj, Ml L*}t aJIj jjVa^JLS aI^jlII 

.4_uLuvJI tL-A-l£Jlj 



Viruses oU jyA Jt 1 - 5-2 

L> j Jlj <juLtaJI Li^LDI L 4 - 0 I Jx. < A MW L^J 4- » ^ yvX. uLijl% a 

.f-I^A^JI ^jJl oLl_^^ L>yo5Ldl <j^ULa I ^ a -w _> t i/% > v..i J j 

Cu 1 1 'x 1 1 oLlI.am.JL> ^ L fij i jj^c. V ^ l~x 1 q t . a ^ jx. oLi^^^A-fi-^ t j 

* 

^Jl O Lt*j j y'-iJ I ^Aj i illLjjfc la'ni . — ajIjJI J-C- ^ '] *’ I l^Jaj 4 1 fl j .* 4 1 

.^-SUJI £_~UI ^>1 jx isS^ Retrovinjses Lr ^> 

■ ityi >=*■ JLc jjLiJ! 4 _ujS J\JI <^a.lill ^y> 

•C5Js>^' (.kvoLiJI - 1 
f-UaiJl - 2 

0 

V . 4 l t i5C J \] I 4j^.Li1I Cy* ^ $ -■& Viroids cjIjjj^JI U 

>-* j *s-S> u -*j tsj^U (^j jUI t_>AaL^JI Jx Jj Jjljjjjjvll Jx (jj. I 
ajl Uia I n . *i1 j (Jlij j*JI ,J!La ol v .Aa-iIIj al I «L_dlj UalU .11 vl>L_jj Jj — a (oljl— i d l^ 

. 4 1 J.l a-^4. V fll 



Mycoplasma Uj^U^ijUl 2-5-2 

JiLa *_tt .Alt Li^U. (Jialj jil£l]lj > _j-ajJI (J-C. ajjLiil 4-i.a. J l CjH jl -w II ^i ) u“*J 

^ajMJI alAiJI ik-J,* LajiLjSjUl LLL LUo .ojdl L^UJJ Sl>JI < / »_ii^ 

» — 6lla^ L$-4 La£ t<jlaJI J-t j »l_^iJI f’ *J^dl *— * '~ ‘ 1 u~*J 

.i^UJI L3UJI 

^ya ^jjjVI ftj-A jXxtHj oljAiJIj ClLlillj — &JI IjV — a. I — 

.tlilj (_} . a i .All Li^Li- ^C. >la*> i~i LaS < 4>1 1 ■•‘•I il^« II fij-lj J| ^ l~v 1 1 

(jO-eLJI Jl <iL2>Vlj Lycwal—^JI Jx C5J . ~ t --w . j 

.oLajJ^Vl claj^jjljJI Jxj Jl 
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^7 l^Jl a* \ *td V l j 3 4 jIiIm^ H a|.» oil «<r» L* 

(jl LaS (Olii^ll ^4 /iS (^ Sl^iJI HjiJlX -UUJI <jLoU A l tti f Jx 

J-C l^j lyi *k \ ^k.«laj IjiaJ J — llUj) 4 _K ...I J » ^J1 . -y.l 1 ) < — MiLiO. l*j^L-J^LjULl 4 jJa, 

< 5 ^ 

tfV) 3*5-2 

* 0 

Ualij 4 y'A^i oL^ljJ j <_L_i_U Lu| aljli l » * l«~v L^. J^AJ jVAJlj al_}jJl <AJ -1C. oia. 

>-il-ui jl ^jLw*jNJ A u. <riQ.il SlAijl j (jlj jj j .L< ol j j 

fo/t-w Lj^UJ JXUI *U£H <j^j %50 j %50 Jx. 

J-C. <jIj1^.Ij <-» ^ryS-JI <uiiil j!a>. >_5i i-Q~U an jl <_ii — ^>| .sijji 

: i-liljJI alja-VI 1 1 j LS fCilijjjJjJI (3^* a.AX j i-U-Ajil 

* 1 

<_uS/JI - 3 

Li y\ 5 £j mil Jx (JIjjjJIj (jl imj 3 U <■ ul>A| II aliill (j lj il l jlajl ..u 

■ j 0.8 l f (jj_)SjL« 2 LqJ^Ii U m ^4 ^ It » .ftjS <* uaj <a!Luj lij ioC 

Lipopoly- <u* jJI .*.1 ■^j < C ...H jx. <i I j*-i lj a a > *.7 i <i /'.~l < \ 1 1 1 <-J o.J 1 _>l.i>. t-Lajj 
Peptidogly- ^xuiJI iixU j ,<_u^_u _>JI ul^ j/JI (> jj_x j .saccharide 

. * I t jI.a.'v <j jLtdJ can 

Jx IqM jia- 1. i .ft i^n -< k ‘j ■.■j-jj < vll < c. j » -t< 11 4,1 . i jlj L >1 1 6>!lA _/\7— *7 

jLli. j LX^LiU yljLij is jjIj {•j- i -“j- m jJ^ 

.Nacleiods j^iUj 

u; S^: > .olljjj _aJI »L1j l^xLbj 1 1 a \a« * <jjjj j_j_» ^u-Slp dllij 

^Vl 1 ) Mesosomes <_tk^ ^Jl ^L^VI Li ,<_« jj^lj 5000 Jx ^LJt <7_du LUJ1 

CjLiLJI jSI (_fi aj (J-.A-I.ill <jl-vil »lAc (jj« <_ul.li . e. ^-u— Sl_y (^-| — 1 (j'i j-S 

.<j-»j3^jjIj (^uSjJI <jjjjJI (_yoL*a.yi ^ «. if l . Ai «<jjl*aJI 
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: <JUI *I>VI ^ U ,> jS-3 

Sex pili v UaVI - 1 

Fimbriae < .t^.-v II . ■ ^ 1 _^JI ^ 

0 0 

L^CL_JJ J i id*— VI Lj-^> * ^3^ 8 <_ljlxjj^» l j 1 1* a I <w- J*iaVI 

^oaL^JI Jx CjLuLiJ! jAiu L^JoLujI Jx SjjjLlL I > Jl v l^»VI 

Jx. (_g j . 1-k . _i (jdoJI C/1 j_>j [jt . lll a j j i^jJliJI l/ 1 (j« <_i— ...‘it. II (jjSlj 

^Lc£. ^ Jjjj JJaIo v— i i ^aJ 1 1 ft_1 II .. -y j 

<» 

■ ? >^jA^ II a t *■ a 1 1 ilUrj (j SljiJl CiJLijLk. Li5Li. j Li j ufL .1 1 jCooJl j 1 . jjl r j 

jjl — uall 



tLki.91 jkJx jj lilt i~k II *LlaxDI jklx j I ||*l a ■ .t-."j Cut I-V II <_LJ Li J, 1-i 1 1 *L_i — a— * l 
.f. 1984 _ _jk 1405 JjVI outil - >LJLI ^U- jj^jJ! ^ ,^>JI 

2 - Physical Biochemistry, Applications to Biochemistry and Molecular Bi- 

ology, David Frcifelder, W. H. Freeman and Company. 

3 - Cell Biology, Structure Biochemistry, and Function, Second Edition. 

Philip Shceler, Donald E. Blanchi, John Wiley & Sons, Inc. 

- 1984 - iilliJI i^kll - a~J ^ jJt ajx -LJb - >L^-£JI - 4 

jj -.41 ^jLwy — ." . * j^kll — jfc lfcll jlj 

'. . . . . . ,U\1 jjj^jJI Ll^jj - jl£_. j A (j»Jj_£ i_Juib — L 51 - T . 1 1 »— ijllijj 5 

.1981 OxUI - 1981 - ^-jll 

6 - Structure and Function of cells, colin R. Hopkins 1981, Holt Saunders 

Limited. 

7 - Biochemistry, Geoffrey Zubay, Macmillan Publishing Company, Sec- 

ond edition, 1988. 
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pUI (_^ojI i^>7k 1-3 

: 4,~tiaJi)j »UI 

i_t-uiUa loja a*\ (Ja. a j j 1 6 _> — 1 j iZjljjliil j-L.^1 (Ul 

* * 

L»j ■ *!-»- 1 1 cjIJuISUI U5LL JcLjjl j 1 1 . .» i * j jjjj <4 — iliJI ^ Sj^— a. ^11 

l .Lu l <, Lit-TtjjJ — 14 JI j-^aljVI iCjLij^ aJIj CiLlijjjjU j oiil-a 5> 

j Ul i<j aJI £j ft ^ I (jiJI (jjjJI (j-* %70 j lijjL— aJI 

: »jj 101 %60 - 45 ^j l ... < y I 

.Lp _4I 411 _ 1 

.^Jl .Ul _ v 

£l_jiL» , J ■ -"■* ' a ijjjjJLI .Ul Ul .CjU jjVIj J-5L.VI <-ilS J£J (Ul (J«— » . ~ uo 

,<jj^ 1)I ^jAla-wVlj <jjLu»J1 oL*S_>ll (j-« 

: (j * ‘ '"■**■ Sjjjt 1 iuUi 411 f . jii 

» ...-ill ^ iUT.JI - 1 

• iiiljiJ! ClLj^ill j^ya Jj Jju!I ( _}ij * 2 
. <-> i jIjJ 1 <-iJt 1 t)Li (Ul iw»Lm3j1 - 3 

yVJuUI <.i].C- Ja"lj <Xa jl &"i >u l IjJ ^ L U 9 >■ j-i <1 q> *n tj 

. <_uL» jj-iJIj l&XH jk_^uoJI oLJtxj 

: ,UI oliuo 

l J^jju <_uLijaaJ! oLi— uaJI q-o J J c. *-L*U 

ml ij* ^ ‘ -^jV j 6^)J JkAt ( 4 1 ft >JJ ulJ I 4 ijl — C. 

dJaJ < *■ % - ^ JjJ i> 

^-A. , v ^a »ij^ ^.n>$jVl i_JL^u La-A J ^.1 tf^rolxi l^J j 7* ^ *UI Cj l!u > ]>— 
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£_Lij jt) «jjJjJI jl 4 * o> l jj {A — ijjlj ,(.111 ,jl jIc ^LAljl ,j| 

<ii»,n <1 »j!jJI t>jjk (jl VI ftlll O'- 1 1 uI_)_j J J l t£lll 

<1vjIj |J£ I CojVJI <jU=J 1 j.i— t*ij i<lu y~y II j j^ll— ^ 4.5 Jl^^-j jj 

(10-4) 

: f-Lill jjL'ull i_aaS j^JI 

.(H - O - H) 104.5 — » C^ > 4,, 5j VI o^ JjjljJl j j . I~ 

0 0 
Jh O'-^-^^jVI ( J . « *» ■ ij .Lii^i, < 1 > j ^ <lzi_4i 0^-“ *-* O'-j^jjJ »4-ll iJjj 0^-* l -"l f 

: wiLlxlVI CijLIj <JU. OJjj L»J% a <j!j^yx. <oJLu, 




Q> -k 6j j-J (HI 4uajjk j <*^.^11 — ^Jl olj O'-^-.JJ*^ — J4-1I il4jj JJ J 

. I Aj 1 1 1 <l u xA Sjwal kliljj ijjia (Ul <J-ij^_» <jJLuJl < !- >. A ll ,2,1 j 

: dll 0-» 0'-j- Lj O'- 1 ^ 1 U»ll L ^krJL ^ j n LSj <i * t j . , v .jj. u ^ll Sj^oVl — i 





jjvU^JI cjIj j 0-* £jj^j -l^ jj l-v j 0^ > “ ■ Sjj (jl » V — ct 0-° C“*^~ 
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(jlj 1^1 * 3 JC 1^%., m.SjVL mil S^>-^ tlUjj <jj£* 

iliLoJl JJloJt j fill C& Cat. .iXjVI Sjj t _^3J1 *, i \\ j j,l _ i$ It 

. i .- t i l l dJjSj fLoJJ j I 5jl_^k ^lijjl (^c I ■.* j v <Jj 3 *** — • 0.^^ *(2 “ 3 JC-lJ I) 

1( _, t lr~»<htill 

j i al > ^j-£. L> j ■■■ ' 4 i t*v j* 1 ij-i-uaJI ilLaJI l3 fill > — fl ■ r> ~ij 

y-faljVI a j-A ^ya i j ^, iSkljj i^j^ixll j « *' ■ ■ ~ 4 i *i i^jj> l . _ »4 II 4 j y^l ^Li 

< 4 j‘ > _> J L> SjvqI J£ ,2,1 i_ij_>_ill (j-»j .fill Jl £-WI «0£ 

j j>_ALaj tU.1 II j^oljVI ^y* a S^-& jl.lC-1 *^1 

jjl till ^ kU~ jmj iiU j J| iiL^il «<j 100 iijj j ^* i ^ j *01 

* 

jl O 4 7~ • mS>jV I ' * »Wf < — aj 1 — l , a jfZ. 1 1 * i*l \ t!i ^S \ ^nJI « — &lla. a liii % jj. l i a 

.^1 - 3 ..J I ^ <AjL_^i!l igj (jva-jJOjl 

|» 1 jj till </\t iti jjj-oaj JOJLjj <tUl Cj 0 j_ 3 — j .-ul . .11 -vi V 1 1 CjUjjVI ^ 3 —il 

4-»L»1 vIj I jo fill J . t _ij>jll (jjjV! IfxniJ fUl Cjllj^a. L^iJjj l^Ll 

CoL»l oljS J-C. ajjill jxjt i_u«uuj (4-ta.j^ jl <aJLaj oll^jl l^J-^.1 J j 

.fill j v_ >jjl )l CjljjjjjOl Jl. a _/vaJ£JI oll-ij^Jl (j-» Xii*JI ,jli < <-vj ^ jV I LfJO-«La-» 




.*111 kljLuJ^ <- n ** S h J £“^JO-**Jl ^cL J ^ < Uj S/W3JI 

: 5 j Ij li i<i) 4- j <^i a^JI ^ j #3 <2 < 1 



- 41 - 




H H 




(2 - 3) 

Dissociation of Water p-VJLt 

0 

{jJA liilj Q IQ*I IJ il-lik. < 8 I — 1 Jl 4 j Jj till 4 l*ij -V. l . Vi ^11 

: I J-i L» ij^JJ ^3 

HOH ^=- ■ - H + + OH 

(1.8 x 10' l6 )_, Lv Keq _JI oJ r 25 Sjl^ U^j j (H 3 0+) 

Equilibrium constants ojIjp 

c L-v~~ Vj al^vjl v2>l J Cj ^Lfc 1 . i ,~i 1 1 {j-* .1 1 J ill dJliA (jl •— i jj- . li 

0 

U Y <£. * 1 i ni 4 — I Jj 

£_S^o (jlj < « II aL'v.'iVLi oikll U fc iAIL <^jLui3 ( j^L»YI at — a-iVtj * — illoJ.1 

ji Ml«_i .(Keq) "equilibrium constant" 

: JjkA I « >« ■'' l Aj K jLlIc VI jiili liii.1 
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HA- ; k| - H 4 + A* 
k.i 

HA Lj jL -i ■ — L~ » ^xaLaVI <£ j' * - ^ Li 

Vf a (HA) : jl 



Vf = Kj (HA) 



-.*» (proporlionnality constant) c^Lill = Ki 

SjLd £.* umuIIu Vf JjVl <£. _poj J i* » Culj j^rv'wV L j < — C. 

. U-tkIj a jUI Jl <£.^i Jr* a Jj t >■» 



^--o Jl_UL j il jj H + j A jjS_p ^_o t~'~~ « Vr < la.XtJI <£. jv^JI Lai 

•' H 4 j A ^ J5l j^l^J (jrjUil) 

V r a [H + ] j V r a [A‘] 

V r oc (H + ) (A*) 

V r = K - 1 (H + ) (A‘) j 



« 7w » JJ (H + ) -.A a i I jj ( Ckjl_i.J l iijjJI ,_]*!*_• OjIj K-l ■ tl >~v 

**-&£- 1 |A« XlX. U ,Vr <£. J^ajl a a 4*1 Jx ,Jj ■ ■'-■-'■ II JJ (A ) 4 ir l .A a kjjjjjj Vr 

: OjlpH lt“ ■‘ =j Lh 1 Vr (A ) j (H + ) ^ J£ 



v f 




K, (HA) = K , (H + ) (A*) 



jl 



K . = 



(H 4 ) (A') 
(HA) 



Ktt] — J ui^Jt3j <1.15 



K 



-t 



Keq 



(H 4 ) (A') 
(HA) 



J* 

ub 
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l » J i-K^LaJl > ‘l CijIj (j-t A jL_t Kcq iCuaUJI <JLJI k j— A J ii 



K, 

A + B » 2C 

k. 



.Ka 



^Jf. l i~l l UjjfcJ 



Vf = K, (A) (B) 
Vr = K j (C) (C 2 ) 

= K , (C) 2 



Kcq 



(C) 2 
(A) (B) 



J 



.Jx,LijJl «. I U*. II JJX Jx. J Kcq *}Lul (jl j 

3 -i^lyJI j[ (activities) Lfutlol * > ^Jj L^_> Jaxj V (_)xLijJl iijLj^sLj j * *^ ^_? * 

j_j£ — II ill — ililJI (jt (_f1 r = 1 ylij 5 jl C.J .5 jjjll jl i-ujJlUoJI 

<y>l *i ij i-i jLk.1 oijjjSU oi% tl <jjLLI J»lt-«-^ll <J jiu * * ‘''j *1' Olj -(^ jV jAI 

.<JuL-k.ll < At iaiOI ciljuijjJI j j- " uuJtj 

acl^Lllj jjoLujkVl 2-3 

i-j U i u-i jj Lfjj (jlS lj[ <jjj j^a Jtl^jJlj 1 _^al A-kVl <•' u>^ <__tuljJ — *u 

(jj^l CjI j < iL “‘jH CiL-S jil Jjx JjX »JI ut...‘k << ijLj-~k.il CjIjj^. -v li 

If! jxljj j (_^q! «~ k 1 ^jj i<i» II L^LLil <l jiLI < jjl j jjI ci 111 3 > 11 

.(1>jIuJ 1 ijx Sjjill 

<£. j*m ij wL*-J <j j l ° 3 <*fJ Ciliuj^JI AiXA Jx LijLjf5kJI Cjl j-k * ii 1 1 _/^J - * 

'-. I'm jj\ 11 ijjl^Ajjjijj (conformation) ^xLil) ■ ■ _^J1 cilaSj <<jjj^>j)/I o^lcL — Jt 

olu^jV I J if >A» i <jj L i_k.ll .*.1*1 1 ^ I I .n.kj yuJI CjI — • t — " k—.j I VIj 

.^AxaJtl j < I a«~i ul.l <jjijJlj OJjLvjJI <jj*jJI j_>UI kdljSj iSjrjjujaJl 
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Bronsted Concept jllLuujjj 

LLJ1 <-tjl i-v II aLagill J c _jA t a - v VI 1 A al*.t * ' i til <_i>jkJI (j| 

JiiXi (jjJI ^ Satlillj (jjjjjJl SjL ,jc. SjL_c. j-4 ,jAaLaJI wiuj t ~J 

.W'u ujj^i (jiuU. jMi-kj LaI* — i ' ...*. jj< JJ | ill |jj| Jj tjj .CjLjjjjjJI 

aol Jill a AC-LiJIj J_j»VI (jAaLaJI J-C. 1U .j ,A Ji »« >j jj aA_cli (jj— 1 C a l (JJJJ.A1I 
aAC-li JjCl J Jj jjvll Ja iH yjil a j 11 Li .ililjll *,ir l il l _ Jiljll (jA-tl_ -a .il _ jtjJj 
JC , ^ii IjJ . jj-l . W~i i.i'i jjj |_jAaL. jjla I (jjgjj^-ll i< ifiC a A— i_ i — aajj_>J 

, <iiljll 6 JX.LUI _ Jjljll (jA-tLaJI Ja (jU. jj ^.IL SAtlill jl (jA»t> II (jgLj 
HA + B- - ^= A* + HB 



Jitjj (jAaL. <illj-a a ac. Li <ijlj-a a Ac. Li Jiljj jAtt — at 

<Jj[ J i i i tliiLaJI UxluVI (3 H i i o Lgll wiijLuJI ji^l JjIujjjj lJjjJLi /j — i_J 

Lij£-a luje (jta-tLsJl IajI t th> I~I_I all! (3 . L*l 1 ~*\ _M II jAla. Met < Lf J iA—iJ I (jAa I — caJI 

: Jj LaSj Jjjjjj-llj (oASMJIJ a_JL_JI (jjjVlj (jAtLJI Jj jjljj <JL_x 



Lactic add 



Lactate + H 



«(Jjjjjd! *■ tM." ... V aAcliC t—ijatAt i_alLuJ| ,jjjVlj Lie*. A j>~ *j (jAal — jJLi 

Jl > * . K i ~j J .Uj (jAaLa. (jc. SjLi. C (NH 4 jajjj^aVI jLa.) j_aV I Jjjti 

(jLeAaLa. L|J >*1 ilL j^fal I (jAalcwj aiL» jjISjjA-J^JI (jAal — a. I — a! i(H ) 3lj Lj j — aV I 

. LK (jl££it» L | j V (jL^i 

ji 5 oc. Li LI L*i HP0 4 JIj H 2 P 0 ; Jl (> J£ jl Ml .Satli ^ poj Jl Ll 

0 

.(jj^SJMI uij jl ^Mj-ul (3 LjLLuJUI <Cj»a tl ijAA J-C. dJj Au i jj <1 — A — al — 2 a. 

a ^ « -rail Cagxll . Keq It Cu ll llij ■‘Kt-.ll jx. jiljll uAaLJI Sjaj jjAj 

II LaAi J jlj LaIc Ll iLajuA LAaL. JLlJLa j ((jjgjjOl ilLcV a j A — M Jil 

aLJI iJIaILj I Ail Ijt a *a jjSj jjj jji J| liKi jj jV Jell — * *a Keq 

0 

: Jj L jij PK _JI <Aj ecu Keq _ll Jc. _^j*jJI jSjjj .Lji 



- 45 - 




pK = log 



1 

Keq 



PK_il Keq Jl jjSj U,fn i 



• V jl* ‘^ LC ~ ■ ^~ k l (fill oju-l^jjill ( _ > A*U. 4«i m .All ij-*J 

: JUl JcUill Jij *Ul 4 



C0 2 + H 2 0 - -,: H 2 C0 3 ^= - H + + HC0 ‘ 

15-1I1 ^Ul r lkUI jj . V IJI C02 Jl ^ jjlp <JU j H 2 CO 3 J1 Cj& 

j CO 2 — 11 £-» Lboji (jji^j yi — u wjim CO 2 11 j^ui J-* 

LT • j '■ \l > “ ■ _ » (jiU-1 JjUl CjljjS-a j vvij (jl j[j _)^UI 

Jj JUU jj H 2 CO 3 Jl < l j SjL j J| (JJj C02 _J1 SjLj jjjLi njjlj^ll 

: H* Jl -U*S j SjL^j --K fill J| (jjljill 



Keq 



(H + ) (HC0 3 ) 

(H 2 co 3 +co 3 ) 



111 .CO 2 Jt ,> i/200 ,> Jil 1 ^ <J*JI H 2 CO 3 Jl U-S jJ 



JJj-ij ^uLv*? ulill C02 II Jl jlJ jl <Jt Ji jlxlil Jj* < _ j -J II J-* 



„ (H + ) (HC0 3 ) 

Keq = - (co 2 )— 



: JUII j US <JjUII jjiC 



Buffer solutions (oli jIjJI) i*HUl JJUJI 3-3 

<iUc*| -iit II <_J d ^r-i— ill jkjUia (5 -111 J>U1I Jklajj-I Jj U II 

a-U"-U J* jl <^iUl ,1 -d -_t i ». - jl ^ys [jj S - jj j < * 1 — ill jl 

Vj U j Ll* jljjSj ^ 5-1 j ij-fcJl cLLJI (^uL- ^U* <l| ~* -^Ul j-J £-* * n 

jlijSj ^jL * JjU-» j elu^jjlSJI ul ^ .LJil* 

. j-J U UU V jU -« 
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^‘ 11 * 11 (J4*VI <j1 i_yi It L .u L> _ jjxu jjj-A <Jj L £y* J — iJ 

J1 c^' j ^ **ull JlSJIj pKa II <joJ Ia^JjI Jx J-aoju 

: ,_^o-«L»JI 



pH + pka + log 



(salt) 

(acid) 



j l^njj Sjj_^jJL (jiAj OjlP' j kijljjiil Cr* cjl j ul 
Sjlij <iil_>il aJxliJ! jj&jfj j Jl (_fJjJ H + — II &jl_j^i 

Lk£ (j jljjJI <J jLxj jk lU‘l~l 6jlx.Lt 0^1 — *JI aj-4 ^jC. _/\t, X -~1 1 1 * > J .jil^yll ,_>£*-* l — aJJ 

: JljJI .‘Ktil l j juojj 

conjugate acid v; 1 conjugate base + H + 

•dc.li 



Keq = (H 4 ) (conjugate base) 
(conjugate acid) 



log 



1 

(H + ) 



: Jx J <JjUil i. tU>~ Sjlxjjj 

log _L + log (conjugate base) 
keq (conjugate acid) 



pH = log 



1 

on 



* 

uj^l LA"J 



pk' = log 



1 

keq 



J 



jj .lk <JjMI q \ ■f>‘i 

pH = pk- + log + 

(conjugate acid) 
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Jajli * *■(£ jljJI U 1-3-3 

yill jl^il (J-* lauia. jl SjUl J* y jjS -tfll y-Vl ^jlj yl 

H + D a /oLucJI CjLlaSJI <iLx>| oi*j — yiaa-jj JUfJI y»iVI j ajjjill «jlj\iiJI 

Cixiyii ijj-naj OjIj jj-iva.jj.UJk yul Jx JaLlaJJ axOav »(_ 5 jlaJli IjJ >OH —11 jl 

■ J^l.*w 11 j OH jl H + 11 6 J\ 'x-U~i o L a *^ iil— 1| jit 

Sjutliilj «Jilyll yAalaJI : Lo_* (jrjjjL* ^x <ijy_xll *-(^jlaJI Jai^L-a. (_g j 1. ~J> 
.^<Allyll SaxlDIJ l^-a-Iaj i in^ yivala. Jx jia i ^ivalajl y|j 4-Sjlyll 

Jit j .(^jilyil yculaJl) Lf al»j <- ixx — tit Sj— cL_i Jx (_jJ^xl_iJI n_Jj!jJI (_gj— 
yuVL JyVjSLJI CjI^AAjJI * ^Al < kklyll OjxlSJIj y_l Ij 1 1 yiulojt y' 1 .1 j » a> 

• lJL* f lki)l OH j H + <JLAll CjL j_jVI QaLal»l <Jcv*ijljj Li ja. yjjLaj jj vfl-ll 

<lilyll ajtlill Li ja. Jxliii < *•(_£ jl all JjLJI J| H + II CjL jvl <il— o| ait j 

II <iLt£>| aixj H + — It Cjlijvl y A« i Jlji IjJ . JiljJLl y A «l al l yj£U aaj.-a.jil 

►Ul yjfvil aJjajll jil jll yixalaJI £-» Liij—a. JxLi V> «H£jljJI J j la 11 J| OH 

j jjixa.jjJxfJl yuS/l J|viij .OH II CjLjjI ya y A «.i Jljj IjJ .OLllyil adtl—Ulj 

Mvii yjSL j\i -ill y|i <1 j-t ,H + j OH Cjlijjl ijLxj| ait <il joJI JjJLaJLI 

* 

. *-(jylj Jjla ‘ L| il Ja. j» V yiJI iJlaJl laX I Ja. 

: <v-.ujj rt( 5 jloJI Sjj J-t y^JLjJ I Uaili 

(H*) 

(HA) 

< Slat a (j ^ija. jjOJfJI yuV I J jvJljJI yl JiaNi .. il l I jW u jL-i — a. I jitj 

5Ux yi ji (HA + A + ) y^i loJ .0H‘ Jl <iLj,| ait La $l_vlj Jj£j pKa _ Jl 

lijlj ^TNaJLi *, a la £-» I t>«_.All yoalaJI Ij-A y\j.7 ^ixaj j Jjkfjl ywVI ait lOoa. lijtj 
y-VI oit <i jla J jl . -> -a j y i A ,vj a i • i IjJ <7 y , ‘ > j > jj . t .1 4 I I y-Vl ait l a j > 
.7 — Jl Ljyj <xl pKa yjSa lit* *J» LoaL oioit Jaii jui i 7 ^ja^jyOo^l 
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uiUi^U _ fjjjjj UjLxj 2-3-3 
Henderson - Ilasselbalch Equation 



: iujj (jjJI ei^L*JI Jjl fl ~ ■*.' iu 

■ ' (_^v«Lv Jjl^ a il j J.I14JI u « t» >All ^jAal -t. 1! KU _ 1 

. < a xa -^ o 5 jcl_i a11 poH — 11 ^ * a . n .All £ jjc-lall Kb _ w 

Ka - ■<»•) W ., 

(HA; 



: Jx. (Jaxk-v'i <JjL*JLI dajj ajlxJ itj 



(H + ) = Ka 



(HA) 

(A’) 



: >— U jkljjLc^UI - * jicj 



log (H + ) = log Ka + log 



(HA) 



log (H + ) = log Ka + log 



(A') 

1 - _j (1ajjL»J1 

(HA) 



J-XJ 



(A) 



pH = pKa - log 

(A‘) 



leb = < M *> ( QH ~) 
(M OH) 

(OH ) = kb (M ° — 
(M + ) 
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log (OH ) = log kb + log 

(M + ) 



log (OH') = log kb - log 



(MOH) 

(M + ) 



pOH = pkb - log (M — 1 

(M + ) 



pOH = pkb + log -(MIL 
(MOH) 



(R— NHJ) (OH ) 
. (R— NH 2 ) 



(OH') = kb 



(R-NH 2 ) 
(R— NHp 



(R— NH,) 

- log (OH') = log kb - log 

(R — NH*) 

(R— NH 3 + ) 

pOH = pkb + log 

(R— NH 2 ) 

fajl m'u <ii 1_>11 Sax. LU lj ,^jl _>1! l— Ol 

pH = pKa 

poH = pKb j 

: Kb j Ka jjjbCJl (j* 

(A) = (HA) 

(H+) = Ka 



- 50 - 




: uJ^i 

(R — NH 2 ) = (R — NH + 3 ) 

(OH) = Kb 

Jjl^ al l - ufl II ^-Vli .iiiLJI oVjtxll j L. -k. j 

aOtUJI 4 a mi fjs. Jjjjjk jjJUfJI L _piVI .Laj i jj ,jc (J t " .III — a A- j HA Jjl 

^LJI J1 <iil jJU 

PH Change in buffer ^ jjjofll ^Vl >i3 3-3-3 

(JiLi. I l i j-u\ Cj-iIj ^ \ l J j: Jali^lll Cain ' fr^Sjl.lll J_a * a luj 

»-(_5_jlaJI a jd5 jjl c-ijjaJLI (j-a .HtJI lUiLjjjI -uu jl jJjj (£.111 ^Jtlilll 

£~aj US jlaJI ja^jj jlj^j <lo jl OjL> ^ j j J — id 1 JlC. Jo l -ft -a.l.t 

0 

• ^aja^l (jj C > .qj J^ya *(£ jlj JLaJjaal <Ll — all J Sjj — ■--■ > j^fLtJ.1 yvl <^ya — a .11* 
jl <ajjjVI SjD I (Jl iajiUua. QO-nOj La_i j jLilo.'Vl Oral Li}I oJI jl i£J — imaJI 

jt 4 jJLc. 4 a i ft J| <l^au ajj_iAoj tfl H (_yjVI |«^a.‘i-> (jC ■ >-.~ -kVI 

jaS jUl jltl-wl jLAl ^n~w .<j^lkU lJ -4 -li-LajJI cllaJU IjJ .Jt Lilli j <-> A i — H* 

0 0 

<-l« Lu_>i jl llila jjjji—a.jj J—A^Jl (_jaa V l lift *— i 

. <JLaj_^il iaijaVI ajiJI I j A t .J*1 o Lnft t ' i Jj-tCLi. (jjJa 

Buffer Capacity nSjWI 

: Lioicj L> jllj 

a^SjUl <«-aua ( __^ljV I (j y4 ta.lll 4 ajl ii »(£jl>lll SjJ — J (Jj jl — 

: *(£ jUI Oua OLjjAJ (jiajj 

^-Vl j -a I _/\jl I it lii ~il OH jl H + — II (j-» JLlJLj Cj Vj — 1.1 J-i—C - I 

jl H + II ^ya <‘ilu 4 u*V <iLuo| jlc. ■*■.*-*- 1 (^Hl ^j. ' l L y jj A — 1 j Jl I j ^rt « i l l ~ 2 

.(JOJI / J ^ : Jli.) OH*_ll 
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: Jc J i n -> i Jt. LL .iL* — j-aLi <JjL»-* JLaaILuLjj * Li'. j 



pH = pka + log 



(A) 

(HA) 



= pka + Log (A ) - Log (HA) 

= pka + Log (A ) - Log [(C) - (A)} 



In(A’) In [(C)- (A - )] 
2.3 ’ 2.3 



jlall oL ja JSJI = C 

(HA) + (A‘) = 

(A') J[ L-uAJL J^,l£JLj 

d pH = 1 1 

d(A') 2.3 (AO 2.3 [(C)- (A )] 

= (Q 

2.3 (AO [(C) -(A )] 

IS j <iLAll H + -11 «> js CjH d (OHO jl d (H + ) J! ^ ^ d (AO 
.A — II Jo Jj-* (jji^ ijLnll OH Jo |J^a A JLoAa-u. 1 Jl 

; (_>nj -Aicj 

d (H*) = d (OH ) 
dpH dpH 

= 2.3 (AQ [(C)- (AQ] = fi 
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= 2.3 [( A') (HA)] 

(A') + (HA) 

: Ka I _>i.VI (jAj jaUI <JL>» jj 

_ 2.3 ka (H*) (C) 

[(ka + (H + ) 2 ] J 

- 0.575 (C) 



• J “ (H + ) 

► LSjIjJI yt J^o 0.25 <jl jAnj ia££jlj]| SjLj -lir jl J jj P <jl ika.5L 

I — .Ail h% 5 Lij iF^jlJI ij — a 0.0L yt JxA*! ^.lt -x. jj.\ Jd ^ j^VI j .A* ..ill pjl — L 

: JjSj La Air all.* 1 1 OjLa. j P (j^ (H^JIj jl i_jl_aixl_ll < 1-- ■ j ^ 

(HA) = (A’) 

Ka = (H + ) jl 

: (jji* La Air. UoJI Qja. ^ Jr!. I ,jt (^1 

pKa = pH 

Ka = (H + ) La air 1 . Ajl 

2.3 (H + ) 2 (C) / 2 (H + ) 2 = B 

2.3 (H + ) 2 (C) / 4 (H + ) 2 = 

0.575 (C) = B j\ 

* 

(j-A <‘>alU < 4 J-X.lj <lxil j ~a in j.ll ^ i J _l a_j <_35L_C Cilj P (j jSD l^luj 

4 1 ml J O -il Lai .a^jljJl JJ OH jlH + oL<J»J LJLx. J 1 m i i 

(_J-J V 1 JjHj Ja.1 ^y* ►cSjljJl <jr .l~xlj JLl JJ oil — usj H + — II Cj'iya JAT 

s-i JJ Lflil — ujj 1-lJk-J yjjl H + II O V^a JJLC <aUa5ij (*Jra.lj Lx jJli ^ Ij x jj J J l 

. 5 Jax-Ij Lr. jAj jjjra.j jArfJI (_^u VI ijLj J^-1 U* *t£jljJI l> -^Ij 
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OH- _JI oUjJ Jjj J\ jjIDI ,> LsLaJI oilwlll .».v ^ i 'l l J 

j* n ju>-, ,J j ,H + _ii iCjUjjI i‘1I)~i III* Sjjac. o5Lfcl— ij i ,ljj» «JJ 

akc. J-£ <J Jfclilll J5I — i. Clljjjl ^y CjV^jII 

. yLU 1 1 OH [I £y oV^ n iiL-iJ 



Acetate RufTer c»MJdl r-tj jb oO 

(HOAC) jj-itail j^c. alila J) jjAxLi, Jx Cj^IAJI ^tffjla (SS’ L ‘*~‘ 

SyslAxa »j j ■■" ■ U a i A <3 s a » > fl S_i (OAc ) ■"■M -*■ tt Cltkjjlj 

— Jl jl KOH !l HOAc i_y JaUj jl ( KOAc , NaCAc <Jqjhj(_^j 

NaOH 

,*. U 1U* a aJLLfc iHOAc Ji-6 i.i>i <~oll L _^*UOl Jx [£_y. k->. * (jaJI u> » 

: ' ^ ‘l. j j l ~.f. VI jU‘i ■ l_4akj i <3ixi 



(H + ) (OAc") 



ka = 



(HOAc) 

C/3j£ll <3 1- it. 1 “J ai* <i vLiJI CiljjSlt Cy a_awlj Lf) (j l)l_i 

r * 

l ■ A i ) <1-1 1 l ^ i A^\ I /n'w-l I X k ^Lu 

(H + ) (OAc*) 



(HOAc) 



ka 



H + !l ciLi jjI £* JcLiJS ,JjL^ H J| OHill clj . jA oLAl ok. 3Ll^_i 

,(H 2 0) *UI (jjili 



OH- + H* H 2 0 



- 1 



4_u£ i*K i-. Jllllij Jl ■».. II j ^jjlj—iJI j IjIj I o » ol (H + ) — II j . 13 11 

.(2)jljjJI Iwij^k SjlcV HOAc {y 



HOAc 



H + + OAc' 



-2 



_JI ot^l 6^J '-±~. ^ ( 2 <^JLJ 

I^O II u^A oM=Jl jiljil ^o^UJI Jl 5j%iLui oiuo l ai OH 
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: jjSI (jSJj (OAC ) <11^ ijcli 

OH' + HOAc - - ■ H 2 0 + OAc* 

H + Jl <LiLio| j’ui i<> itaill ja. ii i j JLJL uiij j 

j^c. HOAc SjjljJI H + Jl fjcixj (OAc ) aa&LaJI JtLijjj (jjl^jJI 

.^AiUI 

H + + OAc' ---■:■ HOAc 

J jLxaj V 2.1j|j]| H + II jl OH' ililijjl (jl <Jc JjSljJlj j£JLt llj 

* 

-lie. 4 i l li a Zj^yu^i Ijjlj V ^Vl (j[ (jl »*[£jUI <Jo-luIjj <J-aLi 

.OH' jl H + — II oLa) 
Zjlz. jJ juuill <UIiHI JjJLjJLI 4-3-3 

4 4 t~l "k-1 1 1 iMU J j-v‘i‘j L. jUJI Lfjj !_ y‘ ‘ * " 4.11] 4_kU Jl - ... , -V II (Jjlj ml 

4^VI a AA iIjLj ^AC. jUi J) lil (jjJ 

.7.45 - 7.35 jjAa. (j^. A lijli ,jAjj (jl 

4 A U ’. 1 1 4 1 i It a 4 U J Jl r .vl) jAjifJI (JuVI lllLlJ (_^X. Sjt C. aai. 1 1 

: J a J Jj 

Na HC0 3 HCOj 1 - I 

HP0 4 2 HjPO^ uli- >JI - v 

.- A*i ill i ^CiliiajJI ^La j jLJI Cjli-ii JJJ _ £ 
Na Hb, HHb, (Hb) „ j 

Laii J lia-f — a 4 I a j jtj pla hja Citliilnjidlj ■*’'*“ -J 4*Jlj J4 a » ~ 

S_p-ojU (j) !*■ ‘*1- lA-lj-a^JI Cjl»jill (3 A3.JJ £jl — A ■ .. J til |» U« aj a H II 

: <tU| £jLi. JiLJI (J 4 aU'it oLxA kljliau^jJ j_J £j iJ I (j[ LaS <4.a U' ia 

H 2 C0 3 (»j*U) H 2 P0 4 PI asla protein UjjUl 

HC0 3 (SacU) HP0 4 IacU Plasma protein tajiUi 
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*■! » jjjS-uJI jl^ll jkjJl UV — tj) . t -y > 

; < » U '. 1 1 < t 'i I I^lc.^ aj^JI _>l_jll I^y» 

i-u hemoglobin oxyhemoglobin 



jjili hemoglobin oxyhemoglobin 



Uolld Buffers j»jJi c»Ljjlj 

HCO 3 /CO 2 fUii 

■'! U. .jkjJI j (^A-^bo-* J -. 1 ^UojJI I j-A 



H 2 C0 3 : 



Ka, = 1.38 X 10' 



H + + HCQ 



pKa = 3.8 



pKa = 10.25 



Ka 2 = 5.6 x 10 



11 



h + + cq 



j CO2 J ^ ‘ j — ^ J-* jO^ — j f-k* — 4 L)1 

: <^.jJI (j C02 II £-a (jjljJ <JLi. j Jjji; ^_lljil C02 jjjl J .H2 C03 



co„ 



K 



CO + H + 

3 

Ka„ 



co 2 + h 2 o^ 



Keq, 



Ka 



= h 2 co 3 , n* + hco’ 



: (wjljll) C 0 2 — ( jlill) C 0 2 i 1 aj ul 



(C0 2 ) v loU = K (PC0 2 ) 
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II ^ * ‘ ^^-1 1 Ui _aI I SjsliLk4 Sj i I *'~ » t_jljJLI C02 _JI (j[ 

j 0.15 i j-all j 37 Sjl_^_rJI u -i_i .^jLjJI < — j CO 2 

^jlj_UI i-tll jj ^ -Gc. PCO 2 Jl u/j Ujit ,3. 11 x 10' 5 = k 

. 5 x 10 3 jjjljJl Jc-LiiU 



co 2 + h 2 o. 



h 2 co 3 



keq. = 



(H 2 C0 3 ) 



= 5x 10’ 5 



’ [CO ? ] vliL , 

: q 1 H + + HCO 3 j C0 2 __JI (j<j (j jljjJI 

= keq, x ka. 



cul5 <> I j] 



, (H + )(HCO‘ 3 ) 

ka = 



ka‘ = 



(C0 2 ) 

S (5x 10 3 ) (1.58 x 10^) = 7.9 x 10‘ 7 

pKa- = 6.1 

(H + ) (HC0 3 ) 



: <55L*JI <jljS 



(3.01 x 10' 5 ) Pco 2 



= 7.9 x 10 



-7 



pH = 6.1 + Log 



pH = 6.1 + Log 



(HCO-) 

(CO,) 



(_r“l csl jj 



(HCO:) 



(3.01 x I0 5 ) Pco 2 



HCC 3 ^ l *1 j<~ /. ajLlcI cjL jjjKjJI iCxLaJI ** > lj 

.(JjljJLl ^Wl) v lii1 C0 2 Jlj .(iiiljil SatlUl) 
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C0 2 — II 7.4 ^jJI jj-u^JI ^vi JoiL^j 

^ (jjJI COj -_JI a jlj_>»J ■O^yu JajLaj 

H + + HC0 3 > H 2 0 + C0 2 

«* * # — 

L t .l * * LaUckj j Ci tk 1 1 ^ J * ij ...II jl-iJLj ^i5v*.ILt^ ^ 1-* . ■rl^j 

adcLUl H + _JI ,Jf. I »~ 1 Ladle jld^j ,jj!^ll |_^rviiLaJI j x\ yvfi 



Jjc. (J -Aj (_fdC.LUl ^a<LaJI (jjljjJI (j Oi^ll < * la til jl_jll ^ya oil jJjl ^OiJ I S~1a1 
(H 2 jlSJI .(CO 2 ) ,j^j^£JI ii. u <Cjl jjljJ culIJI jyLuVLt <IjSj ilMc 

(j jie^a-i-4 _ ^Vlj j-aojJI O j! — el — i-ljj .(HC03) ^Lj^jjISlj—aJIj ,C03) 

._ijjlaJ1 i*l~i>~j . 0 ., ml l j (j^a^La. lj ^a.llljj < frl^aaJI jkjJI Lj^La. 

CjLI^j jSjuJLI jkJalil (J^la oil iljl — »ll (jlJ ,(pH 7.4) ^JlD ^,'na.jjdjlJl OjL»JI 
^rJJI j frjl£* 27 jiuJI (jl kiu— a.) L»S> (jjii (*aJI ij 

(/III j pjli. J-. 1.35 

La- 



7.4 



6.1 + log 

6.1 + log 

6.1 + log 



(HC0 3 ) 

(H 2 co 3 ) 

27 

1.35 

20 

1 



Electrolytes (oliJjjXSJVI) Jjl^AJ) 4-3 
6^-“j '(Oj^I) OjJj * ujJ Jl i ‘^* - ' i ' j (j 111 J LJI u-*j 

.frUI Cjlij^a. £-a fUllVl Li^a. l|_.A» > £_• ^La — jJ'S/l {ya CjIjJjVI 

I iia__4jl jja . a~ V 1 — j!5klj frill j «— ijjj (J-^1 Ci V ^ ■ a-d ij CjI^_) 5 -..i II — « — ■ ■» ~ tj 

(alkali L^^lill cilyUJI ^5L_*1 VJ ji , non- electrolytes oLlJj/£J15UI 

ijj .^->i tiKl »*■" * j rti-v i. j . ^ *j frill J ^qJI... U* Na, K J Ji-» metals) 
<t _JLuJlj ■ ■-. jl! qJjVI O'-* |>lajJVI <-JL*la I jlj^£ <*ij ya L>^- j *> Lh UJ^ L*diej 
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vliijliJt hjjk jj-* <Jl]oIj dLul— ' u ,jjJI <—p 1 . i ■ -fc 1 1 < — jJiiV I 

. <1*15 1 j *>X t~ 

<L.l£ |k~ >i ^ j .i j .*-.! ! .~n~*C V JX» <j j ■ A 1 1 1 ^^qLa-^VI 1 — *] 

s 

djjjjdl £_» * 'j '-»■ - JtLili L|jilj| Jar. L-cu] 

: t»K i* 1 1 j^x. ^^A^aLvJI 

CH 3 - CHOH - COONa > Na + + CH 3 - CHOH - COO* 

CH 3 - CHOH - COO* + H + - ■» CH 3 - CHOH - COOH 

■*' *C *Si 1 1 (jA^lsk 



Jj *1U 3 L*.t*if. <L.l£ Zj^yusit »*K »Ti V ^jJ! jjAl . -v VI jj j i J| vdljjij 

> *K t*l_ i jLj-oj ciU jjVI <j-* j V.5>1 jl CajjIj »‘Ki jl.l £jjj OjIh ^ — =*■ uj-^* 

• l_JI_uJI ■*■ ~.< M II (j jj! )J| djuSMJl (_^Au>La. 

CH 3 CHOH - COOH ^=^ — - CH 3 - CHOH - COO* + H + 

* » n ■All ollxJ jy^dJVLi ^ n ...~I L^j|j CjLS jJLI *AfJ jjj t ’K i f ill ■ _> > ‘“ij 
(Jj ►lit j t_j jii t \ *l r <L.IS uaa cK* Tj V ^ail (j-* JuJ L-.1l .il dlj-A 

^C-o — j iCiljjjVt (>• _)-*!■ J^l jl ijvjjlj i*K a " 1 1 jll ujlP — =*■ 

: (Jj La Jij Htjlj ~1 l'X VII Jl La^3?" d^oS Mil (_ jA-a L^- 

CH 3 CHOH-COOH ^- CH 3 - CHOH COO* + H + 

. < i n .All CjlTul j J*dJVLi ^ * . ■■* L^lji .-.l Xjti H cKiUI i. u uuj 



oil CjLj ^Vl 3 J ^ Lh 1 -thy, a (jaLj-i 

fA-} : 

Keq = 

4 (HA) 



JLill j jJjjVI £^jill l 1 j idlilll i^JI «iJl J^ 4 -* A «- * * •> ■ 
jd<i-»-a 3^ .ujlpll ^-L*L«-a J jjSjLJI (j-» *isi <-Jl * i l l Jt 4» ~i . m l (J ». A i j j 
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Ul U * 11 1 41 1 jjSlju 'yj)~ LiA.il (jMjaiSJIj c3j CjUS jl .1 

•C 5 _> A LlaJI jjjljjJI CuH JUj J JjS y\Ji ijj 

j Ca j Ms iJU Uaj-« 1^ <** 1 {• ^aJI j <i..iu ciLi V ) ■>■ ^,jj 

^L*VI 4 jj* {.^Zj S0 4 J H 2 P0 4 j HC0 ' 3 JU <JUJl ^li^Vlj Nji-K + 
(_jaJIj ^ ~x .ai VI <_JLu#j < 1 1 w-i 1 1 Ij Cii-wl jJl * . L^ni II olyvjLjl! (_j^jVI ~ill 
i 1 u.a Mg + ^ — llj Ca + 2 j H + j_iS_>j i * j Nfl + j K* jiS_>j L j a.>l a 

(J.4. xj US n .lUII cj^I. ■ A <• 1 _ 3 jlU*j j c. J - * > K±JI j * S j~ jLU — * 

(jit* ^IUj ^sjj— » jVI j~>» ^All (jjl^i <11— x _ i 4 Iix ^ L . j . J^^^SJVI 

0 

^jJI A j <1* lil .A Jjilj jkjJI I *jJLi (j jijjJj - ...n 1 1 . 1 . .Cjl— Jjl-lil 

j jjjujxloll AaJI {jC. alj j m i n jljjjj i ( _ r A.jl— aJI «Jjl— miJI j _>JI (j JJ VI x j j 

oiLUJI (j| US J S ...II Jjiljj /jX. < 1 -" 111 I »U_C.VIj JLxll Uj »jJI Li a i A ll oVU. 

xjjJj-i^qJI _>j£ j: (j SjLijJI (J| f.U.1 {j* 4 y'-^S iiit t*S ij 6 jUua i lx nu ujj ■— . J 1 

<1 lil J 4jljX J lUjiill JSJI l_)X»l_>^1j (jjl.i ul ^ 4 jljjj I 4 I J * 

US .jS-^JI <jjijr j i_jL» t JI cjVLaj i<J^iJl ^fjU-1.1 iilj m’ llj ajUJI J^^jxJI 

J-C (_f jlaj (jjJI <l J — * jjl (3 |_^oxlilj AiJ — iSjl Jl j UV1 j — “-“Llj — ill — 4 Ji» 

• IS k - ■ |kjJ| (J I^UaxJI (j <L— .UJ^J «~l-l Ja^JJ ^JA^ilSJI U1 ■ J— j-ll 

^ * 

^ J > ...u<» t »*■ ■ » njvjj^/JLi I Aaa> oj^ 1 U-llt J lilj Ml (Jjli _/ij L i -Ji j (Jl — a — > jyc. 

.JtiijMI Milij <iiijjJI UaUJI (j ji VUj 

jjL— uiXI 

,LaVI jUc CijUaJI tUuSJI (j 1 1 ~ I » i iL*. j UjL>_jj_jJI <— x i I i -X I I al—j— •— jSJI - 1 

• jjUll LfJ+II Jit y»U- .J i*ijj _ 

_ fJDI jU _ jVU-aJI x»a 1 ' i<~ jjjSjil v— i-JLj — Uj_j_aJI A j 4 jSI l - 2 

.CujSil 

3 - Biochemical calculations, 2nd edition. Irwin H. Segal, John Wiley and 

Sons, Inc. 

4 - Biochemistry, Geoffrey Zubay, Macmillan Publishing Company, Second 

edition, 1988. 
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CiLuA jJI j tJj jjLi 1*4 

Jx. "Lipids" oL^JI c iU^I 1943 r Lc j "Bloor" JX> L ^JLvIl jlLi 
JJjSj .tULl j J-c- ^' xx i jll*j L jl^a — ^J1 

Jj_>j-JI (Jjji L ^ >A» )l siiLojJLI j t^uil Tk.il 1 j \. C <ha1/> 

&1a Ja- 1 .^L-^JI Jj- VU Ij Jfj^K ^jIjj 

uU A$J < Lfl_A aj ^jaa*J1j i Cu Ij i rfc llj 4. j. i l — mJI Cjjp^l jl^LI 

. Cj l J\-*m V Ij C^i j-^llj (_^Q^ A"kVjj Ij CjIajLa aJVI Jfc a <Jj^LaJlJI 

♦ ^Uall <jh^l\ jjiJI J j < j . . rx J I olluliJl j sIjI fc'iAjJl Jr_kiio3 

. a l 1 1 1 j l ft ^ loiIaJI <-kjl^iaJl jjl ^oJsl (3 **)) v ««i ft *.ull 

^ a i/ai II ^L^-JxJ! v^l 1 c-J^ZkJI u^jjj <<j11aJLi j\ y±Q .z^.~ i C^LkS^lI o J-A 

# * 

jkjJI Ul .<-» J-£ /diljJi (J Ltj — s IjjJ i^jjjj^L^Lj. — LAijyJJ siiljJj — a-J> J^a — »jj 

sillj^-aj^^JI 4 -oLot. .~|I. >1 ■ A ^ K Jjl_j_a.^/1 jjfal ) (j i(jvjlyvliJI sol-Q -Q J 

j siilij_^£ISU 4-Llj uljj^k£ Ja—JLjj sil La_j V 1 ^O-* — J sil — I t- iti — \ a *t 

• l< t ^_L1j (Liposomes) siLa^-sAi^ nil ! ^j^L* (^jJI *a i L&^ iLijjjj — oil! 

■ 4 s» s 4 t.11 4 s .lif. VI l^-i ^ lao (jjJl LjLLill j .1 cl — llq ijO— JjJtJ Cr^i — ft .‘i n {_yt 

.siiL j' j l^sjj ^ * 1 1] <4 -iL1o> iiiLi^_^a siiLokjJi ^ ^jl li i 

olnAjJI aj-luAj 2*4 

•4 i ... 1*1 j |«.l. nifl J! siiLjajJI i<.ii~i a i 

(Simple Lipids) ^LlluixII oLifisUI - 1 

.(Fats and oils) sojj^JIj _ 1 

4 I a r. .-II J A — . ! — s_> 

(Compound Lipids) oUiAsUI - 2 
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^ ' | ■ * j : Phospholipids < ■* t * ...j » n ^ I > \ a jJ 1 _ 1 

<LjLL»- jiJI CjI — t J-C, <_jjl^kJI Jjjlilli 

<_J oIjoj^aJ! : jj * * o — Li j ! Sphingolipids * ■ . 1 ^ i ^ ! 1 ^l.jiAAll — . > 

.CiljujLaljT^-LuJIj j'- ’i t ^ 1 lj ■ Cijlj jl£J! 

- iXL oj_L«Vjj wjLlXaj _ 

(Derived Lipids) JSlmU CiLuaJI - 3 

.ClIajJ! 1 

•"■l i i i yjl * i_j 
_ j7 

. .~l i‘l L I J jLOi _ J 

.(jj-* jJI ij} <AljJI CjLlu«11i til _ — * 

<r 

: H ^-c. ljLoXc.1 cJIDI ^-laL^-U Jl oLlXajJ! ^ ..i K ^*1 La5* 

. LXajJI a V I - 1 
: Jj^y. oKl l jx. & jXaJ* ,jlll ciLl*oJI - 2 
: iJjUiil t 

. <A jAJIj LiLjjJlj ojLlVI cj! * 1 

.Glycerols Ethers - 2 

.Glycerols glyerols * 3 

: Phosphoglycerides Lali— jill ^ 

.Phosphatidates >U1 - 1 

ol ijJLa. jUI j Jjj-.» iKII ol j iAl'All [Jj jj-il t-.L j-Lll - 2 
Diphosphatidyl glycerols, Phosphoinositides. 
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: (Jx. Y yjJI kiiUlAjJI - 3 

: Sphingolipids <J j<\* ...l i Jl _ 1 
.Ceramides ^Ij^. 1 " l 

.Sphinomyelins c^LL - 2 
.Glycosphingolipids i-d jlii*- - 3 

. £^jA_iJ|j CiSjjLLJVl oY — «_l 

.Terpenes oLu-. Jill _ ^ 
.Steroides _ j 

■ CjLiS JA £_a S.i.tjdl ol j't AjJI ~ 4 

. Lipoproteins iulu jjJl oLiaJI - 1 
. Phosphatidopeptides ojlSLLa. jJJl 
. Lipoamino acids LIiaYI ^LtwVI _ £ 

. Lipopolysaccharides Sjaxitl obj^LJI olj oLIaJI - j 

,jc Zjj W-Jt Lf U»'i jjjJI t‘il~t tit Ja'iI t (J jil C,l«_nnt ~>ll (j 111 vl 

'. mVJ CjI x-'l ac) 1 » t ... ») 

< i t~i A. tl £_» CiIaJI A -I. V I CjI : 3j-v midi CiLuAjlH - 1 

Neutral Fats iJjbQJtl - 1 

.Mono, Di-, and Triglycerides GiYUlj ijjUiJlj LjUYI oljjy^KJI - 1 

.Glyceryl Ethers c^l ji>l - 2 

Fatty acids <LiA Jl (joUa-Vl 3-4 

.(COOH) Lu < j j (jal.A-t.YI 

JIa 10-2 Citj j (j-« J JjtJl kZ»lj ^joLa^wYI If A A l 

LajjILojj *UI j t+jli jju ftjxaX* .'II ■ j .KJlj iJjjj J ■ 'H J ,‘liU.ll (jajtl—x 
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liijxll Sjl_p. ia.jj j iijL« (j-*J ^S_)jUaxLI OlIaJI jU-tlLt yiAi— ill -lit 

J-ltj 18 - 16 ,j_jj_)!!L!l oljj (_>-* £. -Li _^il -1-UJI olj 4jt t Al 1 * »'■ * ' II dll* J 

.c.lc L~ >~ k ' *• * -£*J t£_>jlj J^- *jj 24-4 ^^jjlill {j* 

a. *' t J — i — jJLl *-fcVl ■* » t . -A_ « J-~i- jl 4 I t A — a (2 j_j£3 I 0 J 

(_>AaL^ dljij .J-uJI L»_/A£j ^lAAdl (u^j 1 £ »jj 19) "Tuberculostearic" 
^ <-i j*. Vft J l <Al ft .MjjJl ol jttjtll -> ~i ,...U ^^ijL-^ Sjj 19) Lactobacillic' 

v^a.1 17 j ~ . . . I I Chaulmoogric ^ji-a 4 iil~k iA^j dJj^ 



j > ipL~k.lj J^^jlill it^j a% a Ip ua 4 8 1~ 1 1 4 A*jJI [jaLtaaVI dt-ajj 

j^C. a^vol i‘ll o 1 ) ^ j 1 m a _/^t (jAxtllj f i A.4 1-fl Ai j 1 CjIjJ 4 l » 1 Aj 

Oleic dAJjVl |_fAL»-a.y I (j j^oljV! aj A jl.l_t1 >-t 1, ~i ~».~)j - C = C - < < I »•« » 

^_i A. 'til 4 — .ji II ... ’Linolenic” AAl jAl_J I j Linoleic dV i I j * » j I I lj 

(_vcviA-L ^aij .(_jALftaV I aj-A i^jLs-ua li .V-A j Lk^-jLul IjjJ 4j 1 All j<£- j^oljVlj 

: ,_jAl a.-wV I olxJI -1 » .^11 



■ 4»,t iatt J\£. * 1 A* 4 1 1 1 k. 4 I ■ .. 1 ... K-jk * ...^ JtJ I iajL^l L^lLl — 1 



OJj — 1 jl <— 1 v jj (jl I — *1 p *jJl (jALas-VI j (jjjjill Atljj JJ— c. Jjlj - V 

v^) 

.(R it j u -) OluA _/lt jl <JLuiu jj$j (jl Lai ijjJkall (_>A I. « t. V I (jlj — £ 

it j i*n i l.^l-M ajlc tjj£* R if-j »7 » — J 



: IjLAul 4 l'» a all 



^Ai^yi _>^i 



CH 3 (CH 2 ) i4 - COOH JULJI - 1 



.JIjiJI Jjl 5jj 18 j 16 Jjl jjljpj CH 3 (CH 2 ) 16 - COOH -2 

jjjijjj 4l 1 1 L 1 II j IjLAAlj Ij^pj 4 t> A jJI ( _ > ol« t .y I j4lj dlJjyi l>A-»I — a. - 3 

■ i*K*J^\ tlllj dLJ^’nlllj tiLiyA-uJI ,_^A*La. j 1 .Ail Sjj 18 jj-» 
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fJ-C. ^jJI oLkS jil l| .kkilj i LAijJI ,_)^aLa-i.VI CjI — A — ns j\~i.»."> 

* 

jl LxjL»1 ~ j ioLujJ.1 j <»UI ^3 <ajIj j*~c- ^ ^ _ t 4 ... jliUI 

.< ...I ,.JI <L^L, oV'j->.*\ll (j-o 41> Hi L* JJ t^Jlyv-vl JJ Jj -v.") 



(1*4) Jjjj. 

< t , k i t I I < kiAgJi 

d iM .A .< II i « ■ . II Cilj j JJ4L jJygkU jl_Lui 



CH 3 (CH 2 ) 2 - COOH 


4 




kJjjJ ^kJI 


CH 3 (CH 2 ) 4 - COOH 


6 


jj^JI jyy - Jj jjl 




CH 3 (CH 2 ) 6 -COOH 


8 


-W-ll - J-f jJl 




CH 3 (CH 2 ) 8 - COOH 


10 


j^y*. _ JjjJI 




CH 3 (CH 2 ) l0 -COOH 


12 


•W- 11 j.H* 




CH 3 (CH 2 ) 12 - COOH 


14 


J,*?' 


>*l 1 


CH 3 (CH 2 ) 14 - COOH 


16 


cuLklllj 


dlLJl 


CH 3 (CH 2 ) 16 - COOH 


18 


4 l\Ij 1-v |lj 5 jjLkjJI 


(J /J-ui 


CH 3 (CH 2 )j 8 - COOH 


20 


1 1 «*fci oj j 




CH 3 (CH 2 ) 20 - COOH 


22 . 


H Jj »j OjJ ciij j 




CH 3 (CH 2 ) 22 - COOH 


24 


«*ijl jjiill 


«li « MjjS 1 






iiiAdJI ^La^VI 


£ xa-uu 1-3*4 




CjIjJ j*. ifl <-L^a! 


< aUiI cJLIa 


* 


CL4AJI 


* 

U-* '-k-k-kk-' 


^ : A _ \ 



: cJllJI ( Cjg^jjAAl! (_jA^LaJI^ idijJ Jj_j 

18 : 2 A 9,12 

(12, 9) jaj ^HjVI L»1 .ilij^JI j <l*.jjJLI yvoljVI j-ic. A (Jjj 2 u * i» j j 

JJ 
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j. lx i cfnljjjJJI !U i*l II < ilfAjI fj » <_»LuiaJl < : n ^Uu — <_» 

18 : 2n - 6 ,9 _a Ct 

jl J'. . o ij jir. » yviia _/lX. < — & yvoVI *l_L_U AOjL- 1 alU'ill 

• ijLfill j jJI 

AjaAjJI (_yciLa^k VI • fcu^j 2*3*4 

— al %. Jt Cllj (J-l ..k-^ jlfll <jjl 3k1 I tj — II (jaL A-1.VI > t * ~l 

^■O a Lx < .^->1 4. J j J J- c olj (_>ALa^.VI 6X4 ijlj I j 1 <Lua-l " < ijjj J J uk 

r I j> 'v VI a l - A j- y ^~i a j ^jlj i C j ^ H Q ^ 1 i-J I jl Cjg H 36 Oj ill — i j* - * * ' ' 

4 jLc. ^joLa^VI 6X4 .JxjLlij (jj_j lixJI *L^-« CjU Jjill j 4 X l i — * 

: UJtUI JK-^VL 
.Saturated <.^. - 1 

.Unsaturated <«>.»« ^ - 2 
.Hydroxylic iok^S jjx+Ji - 3 

j Ijl .I. Vi I ji*L5i1 4 — i. jll ilt r VI olj *■ iV*.tll 1 jAL%VI (jl __>jj — . xJjj 

.(j^jjS Sjj j'**** 4 x»L*jJI oljj CjS} 5jj ci^uJI Oil j Jx» < * j >V» 1 1 

Saturated Fatty Acids Ayutitl JUoaoJI ^oUa.yi 3-3-4 

: l^j ■ (_^ciLaji.VI * i» v — L .iiVij 
.<jt.A'ta _ 1 

• CHj (CH^COOH UV*J1 cLtaavll _ v 

(j jujAJ ' j I J| jAal — ^ ja faita tj (jdj— kil J J .. . f ■ = II i tu'V 

Jl£\ .86 (Mycolic) eU^.111 (CH3 COOH) eLLUl 

■*l^»~ mJIj (C 16 ) alllUl yA Uil jtv I I (jjjijJI ^ IjLiiil < i i Al l 4 — t*AaJI (^ALaa*Vl 

■ (Cj 8 ) 

<Ax>aJI i^llj <_»L_xJI 4 i'kAxJI (j^LajaVI > U .J (2 - 4) (Jj X . -j JI 
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(2 - 4) jj^Ji 



^ * fc **>■! 1 fy* AjJI *~^SU OjLajJIj tjt- [1 ^ ollijj 


Ctklil iIamVI 


2 >M'i ill j; i.^ii 


2Jlxux]I 


^UiUI 


^(jOI ^uiVI 


ch 3 cooh 


c 2 h 4 'o 2 


n - Ethanoic 


Acetic acid 


ch 3 ch 2 cooh 


c 3 h 6 o 2 


n - Propanoic 


dijjjjjjjl 

Propionic 


CH 3 fCH 2 ) 2 COOH 


c 4 h 8 o 2 


n - Butanoic 


oa-»ta. 

Butyric 


CH 3 (CH 2 ) 4 COOH 


^6 ^12^2 


n - Hexanoic 


Capric 


CH 3 (CH 2 ) 6 COOH 


^8 H 16°2 


n - Octanoic 


Capric 


ch 3 (CH 2 ) 7 COOH 


c 9 h 18 o 2 


n - Nonoic 


Pelargonic 


CH 3 (CH 2 ) 8 COOH 


C IO H 20 °2 


n - Decanoic 


Caprylic 


CH 3 (CH 2 ) io COOH 


c I2 h 24 o 2 


n - Dodecanoic 


^ *La. 

Laurie 


CH 3 (CH 2 ) 12 COOH 


C,4 H 28 ^2 


n - Tetradecanoic 


fclC tM ^vlt Lk. 

Myristic 


ch 3 (CH 2 )j 4 COOH 


^16 H 32°2 


n - Hexadecanoic 


cnJLLUl 

Palmitic 


ch 3 (CH 2 ) 16 COOH 


^18 H 36°2 


n - Octadecanoic 


ill yvk-— J 1 j^A-kLk. 

Stearic 


ch 3 (CH 2 ) 18 COOH 


C 20 H 40 °2 


Eicosonoic 


Arachidonic 


CH 3 (CH 2 ) 20 COOH 


C^2 H44 0 2 


Docosonic 


Bebenic 


ch 3 (CH^COOH 


C 76 H 52 ^2 


Hcxacosonic 


Ceerotic 
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<— C 4 J| J J— 1 -1 jjJI ^U^kVl ftjLA CjI i >nj < I I jull < ^jJljll ^ol ■^'vV — I 

J7I3I-0 VI (jN-aJj \l \ i 1 rw 1 1 1 .^A -w 1 ,<1* ^lljUi t'j 1 llj Jj— *- u_ S^jjlSJI 

f%5.6 ^ li i *Lll j a jj j-j * <jLj j < il i l t — > — .a. I i .'k 1 l ah; ifUL 

AjvjiJI jUVI oIj ^j^Vi 1 — *\ i% 0.4 j jju jLjj oliLi sdj^jlfLIt 

US 4<iijl^JI 4 1 lU all olj oUillI j (jljjill <JL J Lf_jSJ j *LLLl 4 — u I j _/\£. u^' 

j <Jjl am 10 jjlc olj <i i ii.ll i lIajJI ^L^VI i— i.«< -» . ~ > i 

• Vjio ^V1 ol jJ * ii •■ n j O jjJI a jl <a. jJ 

jA.Vlj .Cis j-uJlj a ALA 1 La-* .L->. 1 ijyj au .\\X jll <i‘it til ^ol n% MJ 

jx-t jlj j— ^iJI j < — 1 — j — <U.I j^i. LjIj^I jj-t jtj l.l ftj .,_yi_jl Ja — lL_j 



JjLuUI J l£ ij^dJI ^Ua.VI Ol^Hi4 



< » ' •••II jas. <Jaj|jJI l^-i U. J. —a y 4j (j Cj l_Aj i a JJk > gl~i-». > 

Ovjjjj <j i jjj-AjJl u^.1 aJI • i(^i>*ii$JI — i #Ji LjjJ I ^ 

IjLm.uI 3-***^ l/JS-iIu 



(I) Cis 

H H H H H H 

\ / \ / \ / 

“ 2 ° ,c . c c 

\/\/\/\/ 

c c c c 



H H H H H H H H 

II \ / \ / \ / 

C C / e \/\ /\/ 

c v c c C 



coon 



/ \l J / \h/\ / \h y/ \ / \/ \ / \ 



I H JI H H H 

\/ \ / \ / 

r r 



H HH H H HH H H H 

C c- V V \ / \ / V/ \ / \ / 

! \/ \/ \/\ c /\/ e v c \/\/\ 

/\/\„/\ vA/\/\ 



/ \ 

H H H 



(II) Trans 
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(3 - 4) JjAaJl 

J-K.J Cilj j JJcj <' ■ I.M1 ,/lc 4 jltjJI 





tj-jjjh JAC 


CjIjJ J-l£ 


Jl ^ «mI 


A 9 


1 


16 


JjJjIU LJ i 


A 9 


1 


18 


■AJjN 


A 9 -I2 


2 


18 


ci^J 


^9.12.15 


3 


18 


auJ^ui 


^5,8,11,14 


4 


20 





10,9 


(Jji £Jj-« 


A 9 


13 , 12 


(j^jjSJI (jjj Caj S^Vl £-*■>“ 


A' 2 


16 , 15 


(jjj u^i v-^l £Jj-» 


A 15 


6,5 


(^jjj c£j V-<aVI £-i>» 


A 5 


9,8 


(jjj Cjjj S^.S/1 £-3^ 


A 8 


12 , 11 


u cijj tlAf ^-jJ.^0 a-5j-« 


A 11 



Olj <ulajJI (ji>U-vVl 4-3-4 
Arachidonic acid djjaxitjVI 

CH-, (CH 2 ) 4 CH = CHCHj CH= CHCH 2 CH=CHCH 2 CH= CH (CH 2 ) COOH 
Arachidonic 20 : 4 cis A' 5 , A’ 8, A' 1 1 , A' 14 

■***■■> 1 1 1 (3 t i - .Ji j I zkJI Ijjh j — 

ijj j l i i/i j £l— * jJIj j_iUI j aij !>S< 6 JLi, iSJIj 

.<5MxJI ol j oLS ^llj (Prostaglandins PG) ^ j y * : J 

I j-A f Llj (jl — ujjVI j> ... ^ iln’fc i 

.rltliJI * j ‘ fl ^ ~ ■ 'V > jjl ^uLuiVI 



-71 - 




Unsatura' 3 d Fatty acids «UuAX I jx iuAoJI ^oU^yi 5-3-4 

tj-* jl a Xi.lj Sj— 3 ! l^Lo i <ju_JU! jvL * ' ‘1 * ' H ^A l n -i. V 1 1 » -j-< *~> 

1 « " bVl ijAju i_> 1 — £ I Jjj »L*_^1 j»-» (5 - 4) Jj >->• 11 j jm L«S 

: (jlilj 

. "Mono ethenic" jj^il s^»Sl cjlj LlIaJI _ \ 

C„ H 2n _, COOH 

C n 2 COOH Dienoic (ju j^aSil cjlj clIajJI t _jALo^.VI _ <_i 

C n H 2n 3 COOH . "Trienoic" i!0 ol j ^U^yi .. G 

y^-oljVI Cllj < liAjJI ,>1^71 _ J 

jLj j^kiVi <^.jj <■ tiAjJI j^Ia v VI ol i ua jAi . ^ ■ .3. ~. II jtj _c, yJt-j 

. < 1 Jralll yvi. .-< t 11 AH j (jLjiJI Ca. jj jljjjj 

illla~i jjjJI .*!!*» dilj (j Ijl -3. T.l < 1*1 A 'll ( _j 4 al«.^yi j, V,£l (j^JI 

.in j\t- |jO J a^ . (Linoleic) ^Lala (Jl* ouA< y\x * _r^» I 

‘*1*1 J J*i/I jJk 6.1 ,-wljJl olj i » 1 i- Jail _/vt < lIAaII I J i 

Ojliiill (]/j 4_s_it^Jl 1 jJ I Sj^qVI j j jllLJI — 3 .j .(Oleic) 

.<i_«lUlj 

a J Ail 11 Oll All j\L < ilAjJI a Al j-v VI l J_c. SjjJI Co jj 1 >kiJI jj jj (_gj * >- ~a ~ J 

a J-C V (jjJl ioiAjJI (_^aLa^y I ^ 



SjaJj 1 J-C ^yi-kj ^jJI ihiU jVC. A t ’ tAgll (joL*-^yi 



H H 

CH 3 (CH^ - C=C - (CH 2 ) 7 - COOH 
18 : 1 Cis A 9 



: Oleic acid dxdjVI jjAaL* - 1 



HC-CCH^-COOH 

HC-(CH 2 ) 7 -CH 3 
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JS-wOj ^ IjImojI OllimII jy* l ^qI*-wVI jlLil (j* 

L«1 < Cis -i < %45 _j jjiij (j <> mi (j-c.1 

j V jAj "Elaidic 1 idjClL <ilc. ■ » "Trans" 

■ HNOj dlJjVl dilxAj •wjj <xulJI 



H - C - (CH 2 ) 7 - CH 3 



H - C - (CH 2 ) 7 - COOH 

(Cis) jsjj'tfl 
Oleic 



CH 3 - (CR^ - CH 

UNO, I 

> GC - (CH 2 ) 7 - COOH 

ill *>- 

Eliadic 



Erucic acid tdLujjjVI (_>^L=>. * 2 

(22: I) A 13 



^■■uajl 3 _/vjLi <Jj Ctilll oCj O ijj j 



CH 3 - (CH^ - CH = CH - (CH 2 ) m - COOH 



: ijGokjjJJU |ju jwoSft olj i tVaoJI VI 

Linolelc acid elAd^jjlII . 1 

CH 3 - (CH^ - CH - CH - CH - CH 2 - CH = CH - (CH^ - COOH 
(18:2) Cis A 9 , A 12 



HC— (CH2) 7 — COOH 
h|]- 



CH 3 — (CHjXj — CH 



.(jikUl jj Juj jjij j 
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: js^oljl tL^AJI olj A-iiajJI ^Ud-VI 

Linolenic acid dkl ^IdJI qAaIo. • 1 

CH 3 — CH 2 — CH=CH — CH 2 — CH=CH — CH 2 — CH=CH — (CH 2 ) 7 — COOH 
18 : 3 Cis - A 9 , A 12 , A ,s 



pi >«*r j \ A J al — rw <(jl — OjJj j .i— 'j . 1 - ^ 

■ 'l~i >1 jt i 11 1 ^-A a 1 f \ r c I i~ l i->- _lj v"i 1 ^ iU* ... ■ V i 4 _i£Li_ulU i-r»ll O l a l‘ k n il I 

Elco - stearic - 2 

CII 3 — (CH 2 ) 3 — CH = CH— CH = CH— CH = CH— (CH 2 ) 7 — COOH 



* 

I jyJLJj jjL-uJJl <jJ&J (J 6Jj— 3kJ-U 



^xijl La ^ V ) 

.A\Aj\AW 



Essential Fatty acids ii-ujLujVl ialAaJt 6*3*4 

IfJj wjlla^i IjJj <<Z\ iwl — =k. J — aJI J^)j ^^oLaJk.VI t>jj* £ V 

; i A~l j J F ^ a ! 1 1 K n — tldxll 

. ilLj Jj. itiljVl • 1 

. ij j-ilII I “ 3 

(_£j^ i^jutw «iijj*JJ 4 X a t i f .1 j* j 

. < siu . ij l Yt 1 1 oUljLflJt J wijc^o j Allj gUJI J j a (J| L^jl i 

. Jj ni l J ii *aiLaaj VI A 3kVl 6J-A 
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: <ulflj.ll olSliiu 

Cyclic Fatty acids <biL*Jl iufljil ^La^yt - 1 



CH=CHv 

N CH— {CH 2 ), 2 COOG 
CH— CH^ 

Chaulmoogric d y^-u 



Lactobacillic acid dlmU^IsiUI (_>AaLi. _ *_j 
CH 2 (CH 2 ) 5 - CH - CH - (CH 2 ) 9 COOH 



& j'lfljJl jjoLaokVI 7-3-4 



t oil 



Lipase 



* 



*nK + CixAJ {_j** La.^.1 



: ^U^VI 6AA jvaaJ 

.(yoL^Vlj OjJyJlj ^LLI JIaUI _ 1 

: iZjLftjJyjV 1 — 

0 

l I n^ i l r> . jj-LuC (Jl >1 «' I..VI i^ll jytdl ^y> (j-4j 

jl Cxlj jl tlj_aJLI < - iLtjJ I f^yd l A~I>V I y-0 



oL^yiV I < L jjlII j cj! jj j\ ... jKII J* a Cil ii A jJI jvjjj 

f 1.1 a <!>-“ uj^f 6^ 6^?J y^Ua.Vlj Jjy^uji-Ul J1 «1LJ.I 

<L51 (jjSlj <— a>1 o*i II (Jl * tl .^VLi <jjl a-Vlj < — utvMI cjIjj^t^u >KI1 

.A pi i 1 Af- 
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ixiA oJl OiLclij 8-3-4 

£»_uUl oV-clij - 1 

Cil^UiiVI - 1 

R— COOH + HO— R > R— CO— OR + H 2 0 

J^a. lC il • L y^-»LaJI iJtLijj Jj j a. Ijl — .t 7ij l — c.1 t ~H 

■ J£- lj.ua *11. Ij J^LiiVI ^ jSjJ < ' ...Kr ^ 1 J 



Cltj-L*Vt - Wi 



R — COOH + HH 2 N 



-> R. CO. NH, 



? 



O 



„ _ NH, 

R — C — OH 1 



* r4 



? 




— o- nh 4 + 



CH, — C — OH — N ^- > R— C— ONHi — > CH, CONH, 

3 4 -h 2 0 3 3 

JjauSjjjajJI «Cc^4 v « JV-a.) — JT 
PCI 5 , PCI-j : JjjjjjJI ju jjJS £ j » oIajJI JcLilj 



O 



50 ° 



CH 3 — C— OH + PCI 3 CH 3 

+ o 

h 3 po 4 



nC 17 H 35 COOH + SOCI 2 > nC, 7 H 33 COCI 

+ S0 7 

+HC1 

Stearoyl chloride 
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is. ji-wi jli _ a 



^ — >1 .rw wJj^la CjLj jlill a_-a 



all 



LJ1 






RCOOH 



CO, 



■» RH 



J t'lA.tii (jiLa^VI JljiAl a 



1 ■ ■■» JaIc. CjVjjaS J| qoIaja-VI a i* JjH-j 

• li l t 'l l J^J I (_>AaL^. ^-luV! (J[ JjAJJ (j" 1 a mi 



R — CH 2 COOH + H 2 > RCHjCR^OH 

# 

t j olllal* l^lll diuj^JI CjIJu^I jajAjj 

R— COOH RCH 2 OH 

i h 2 so 4 
rch 2 oso 3 h 

i NaOH 
RCH 2 0S0 3 Na 



CtLi^iiil £~* i nAoll i _^oLoj^VI Jclii — j 
. »ULI j j-iL*VI < ‘S ^ - oLjiill a-« a~a VI ftj> JcliHj 



R.COOH + NaOH > R.COONa 

h 2 o 

CH 3 COOH + Zn » (CH 3 COO‘) 2 Zn + H 2 



yjUJLl £* Jcliill - j 



ijOAuiSjj^oJI (joLo^Vt tj * 1 joiaiSjju j»-4 Jcliill _ £ 

H SO 

R COOH + HO— O— H - l *> R— C— O— OH + H 2 0 

H 2 

0 
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H 2 SO, 



O 



ch 3 cooh + HO— o— n --■ > ch 3 — C — O — OH 



OljjJ j S J I j A t'lflqJI <^La>VI j- ‘ I^'i - k 

o o 

II II 

2R— C— OH > RC — R + C0 2 + H 2 C 

O O 

II ++ II 

(R — C — 0~) 2 Ca— — > R— C— R +- Ca C0 3 



A Vl diii — 



RCOOH 



RCOO' + H 



Ka = 



[H + ] [RCOO ] 



RCOOH 

OjLi jJLjJ < <V. A jJI (_yoLtt^.VI 4 -ill !J . > l yjjX~ t^ll (j-i— • 

.5.0 - 4.76 CklAjJI jj^aLo^VI ^Kil pKa .*K i* 11 

q P 2 S 5 JtliiJI - d 

II . 

R — C — SH 

I 

R— C— OH 



RCOOH P 2 S 5 



+ p 2 os 4 



: 4« > i all jvC ijuuiaJI V' 

J] <iLbol .4 * i 4ll ~v SU LiljjSj l o^Lc.L&!lJI (_jq[ a%.VI 4 jj» 

; cJUJI i-^.jj_^il j jJ dJj 

: 4.* j : AsUo^l CiiLclij _ J 

J j J1 (Ia^.jjA- ^ 1 jLi. uJL^ Aj : (>_a.jjj_^Jl <— *L— ^>} (1) 

nA4 ij^j ^ *~j ■ 1 cl ■■■ » (Jjl *J U .i. .1 1 JSLdJI jlLJl I^y — V — -J! I i jv_ t i .ll 

— Jl 1 A 4 M 44 JI <J Ljv J| TJLrw ijb*J A.t 1 1 .. it (j4^ 1 a % 1 Jj t> ^o1 * V V' 

.Stearic J] Oleic 
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CH = CH— COOH + H 2 -R.CH 2 CH 2 COOH 

CH 3 (CH 2 ) 7 CH = CH (CH 2 ) 7 COOH 

Oleic H 2 

Palldium, platinum 

CH 3 (CH 2 ) 7 CH 2 CH 2 (CH 2 ) 7 COOH 

. Jl YJ/ J 1 .jjJI .oL^l+JI ^ ( 2 ) 

RCH = CH— COOH + I 2 > RCHI— CHI— COOH 



CiJljJI ij y>-oljVI Jl kill— ijj — ftj-4 



.< M > «*>Lu _La 



CH 3 (CH 2 ) 7 CH = CH (CH 2 ) 7 COOH 



H H 

1 i 

CH 3 (CH 2 ) 7 — C— C— (CH 2 ) 7 COOH 
Br Br 



ickjjjJD y-oljVl SkUuSl _ 

Peroxides Vjl ^^oLa^-Vl iic. i_ j — >«» 

.Rancidification ^iljj i. ^ ^ ajLa^JVI > ■ ^illj 

JcU-Ul ^,L 

jljSil J| JJck — I j viuLiJI Radical peroxide ^ j (jjjSjj 

»x» Sa_..._ 5 k l 6 ^?j -C^j j 7^ 1 

Ozonide julijJjl Vjl (0 3 ) Ozone ujJjVI j^j ole 

£j-»La~« {j^C - jj ^ U»,il Jlji^VI > I -~k-w.~ *.LLt 4 U . - Ij i ^.i^jll 4_i — i_jj kluLJI 

.^iUaJVI 
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— CH=CH 







— CH— CH- 



n 

Peroxide 




— C— CH— 



— C=C— 




\/ 



o 

Epoxide 



— CH— CH— 



0 

O 

MaJoxid 





o. 

-CH 2 — CH = CH— CH 2 > CH 2 -CH CH— CH 2 



O- 

Pdh, 



I 

-o 



— CH. 



x: 



H 2 0 



I i 

H H 



ch 2 — 
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ojjluSVI CiMcLij — (j 



1 . .X l~l i ^ikijjSLII jl m bjJI ot > ‘ « JJ j,J* Jl«Jli_»J . ' 1c. 

.H 2 0 + C0 2 JlLlUi^uJI 
R— CH = CH COOH 




R CHO + OHC— COOH 



R COOH + HOOC.COOH 

CH 3 (CH 2 ) 7 CH = CH (CH 2 ) 7 COOH 

|KMn0 4 

CH 3 (CH 2 ) 7 CHOH— OH (CHj) 7 COOH 
9,10 — Dihydroxy Stearic 
CH 3 (CH 2 ) 7 CH = CH (CH 2 ) 7 COOH 
| KMnO^ 

CH 3 (CH 2 ) 7 COOH + HOOC (CH 2 ) 7 COOH 
Pelarganic Azelaic 



— All Jx. (_gj.- 1 _ -w . ~ i yjji JjjA-lJI (jolj— i- fJ»l (j-* JjJ 

S jIja ^ diLtf LfjJ Laj1| * 1 

jJkj Ju J&AaJI jj »utl <uJaJLI CijjjJtj ujjjll *JLA |ju jij-iLiJI 

. If Mt<ru at Vj j- 11 iijlj j\i. oLi (jc. CjLit 
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^Jl a a VI <a]L_c. <^j. i*o j_c <l!>L- ««<)! ^zj j-»jJ l 

uf^ jIjaLi ^xj ^iJI <-=k.jJ|JI <x1a£. <la-^wl^.i <jJL*^i a- . * u Jl 1— fl 1» j 

.IaxXj 4Jjj1d J-ftAxLuj ^ j-A jJ i jkxuu ^ «1C 4^.jJ <_I_^jl1 j ♦ <-*xa LA. c_ijj]o Qa3 OjjJJ) 

. J jjJI ^_ii 

■ <- lIA J-II 1 -a -V V 1 J J y- AA, > K J\-m\ ^j£. 6yLxC Cc Lc. ft J > •-» ^ ^yjjfcjjlj 

JLi Mj £-* <J-L_**i_5lj jJ — lA ^ -k . ilLvfl Jx J-~ ^ 1 (_£jJI JjyN.Aik.K,ll J — =k — li wi.k -.-k. 

A <yO^Jy-2w j\ Jjl yUiaKJl jlj ljj£_* <-l\A A^\ ^yoLttJxVl ^yA dll^kJy — 2k. 

, * 

Ljj^q < 11 A J-l 1 ^yoLaxwVl jy-o 6J :a.lj £a jl Jjl ys, ii« . iKJl ^jIxj Lj J^-^> ^ — kxAjJl 

, JjI y\,.AAAiK 11 (_£ jLx.| 

£jC. ■ p li i j 4 tiAjJl a -k VI Jj^_aKJI jL jI pi i ‘ kA,xll o J — A l >>» \ t 

jyoL^VI £ji j *■ aij ^UJl i^ixSyUl J JAU1 Jj^KJI £>» (Jij ^ * 1 1 

oLKjJLl &«1 a j « Cj IxlJ 1 j i^illlj-tikJU <SlkJI >^JLj ^jjAjJI ftAA jkjijj . < j -xA jJ I 

. 4_oj^ULI y^X <jXxJoJI i— SjjlaJI J^o jlj£ jL^JI j^jJl Cjliljxa. j *lLaJI slx a ^ 

oIj =wj jjjixj ^^Jlj Neutral Fats <J j Loll ^j-ajJLi 1 ^ m a t »" i CJ±-* jj 

jjl > K U > ^ ^ * La <jj^ a (Glycerol Jj— aKJlj < . ilajJI ^yoLa-aJl^ a I nj .-*«*. > 

.ixiMiJIj <-^l^Jlj <xjUVI ^Uly^kKJl J— J ’'Glyceride" 

.. > >1^ 11 JjjJ «^jlj k^. 11 ^ ~k > 1 1 ) lj '< *■ -n W.J yj jlaJI J-AJ J nIj I -j\ AJ- 11 ftj-A J — ^ J-* 
iJjiJIj .ojillj <t ^kUI Sji JJ ,<jj1jJJI Cxjjj *<xjljJ_aJl (OjAJI) oLxIajJI ^ y * > j 
.iojUllI ojjJJI ^ > j *Lj-^JI Jjjj -*^-11 j>>j jJ*^J 
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(4 - 4) jj^Ji 

Zubay .-.u.i ^ ....xh liiiji 



Common Name 


Systematic Name 


Structure 


Trigyvceride 


1, 2, 3 -Triacyi - sn - glycerol 


0 

0 CjH 2 OCR 
R' — COCH _ 

1 o 

1 11 
CH,OCR 

o 


Diglyccridc 


1,2- Diacyl - sn - glycerol 


Monoglyccride 


1-Monoacyl - sn - glycerol 


0 (jH 2 OCR 

R' — COCH 

1 

ch 2 oh 






0 

II 

CH 2 OCR 






HOCH 

1 

ch 2 oh 



Ci J_ul_i j_iillj d. ,M ia i< li ciLao^JI 1-4-4 
_il^o <. _ i l J I Glycerides oI-l>I j \ * .m K 1 1 L^j * > i^jJI ^ 

j»j-U Ul £iljj L.I pjUlj JjjUl * ** •* r 

v-j j jj j tUI qU ... Jx »UI iilii Jil iiliSUjj < ljI iJl 

jl j > <- > i Vl < — ijU *LL1 j V .c» j io — *J1 cjL. » jl I j 

a jr\ ! U\ . il l < — till j < i \ xj (_yCiLxji.l Jx t_gj ~1--1~1 ^ijl Ojjjll — i-jj 

• <jJlxJ) ^ 1 * 1 * ~ 1 1 

<jl — f i^ajVI 4 — ^_}J Lh* <A»JJ <1 J^l.mll J^ln ^ ajLl^Jlj £j --■ 'll 4 Jwjjj 

jl^ iVl Ojjdl Sj|_>_3. < — i.jij * I j _ a 1 1 Tristeann y*~> .. ,, J I 
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tsU'Jjj 12 < — >.jj < — I Tributyrin [jjjjajJI L*j_u «(^7i 

.ia.jjJI »1* ^ iJiL*, j Triolein 



Rancidity £__ ijill (I) 

litLxJ (jOJiJ <~a- 111 <_LJ l_LA_l^J 1 j 4 ul * j 1 ill ■ ~l L_i_^J l ^ i " 

<di J ~'}^ dj jflj <J J-ll* jJI CjLjS^o Jj^jJ oj_t_a_a Ci-jljj ' I ^ ‘ 

iibJ Cjjil (J-l J T - d l £-■ J>— lj ! J A IM> JjV( * / £-1 J_lll jljjt UJ^J> 

oL>_^iaxl! f^xAt ui ■ H i <aLc Jikj (jliJIj oL*->^>jy! do***!^ 

4 I l i^si »!_^JI “^J/\ (J! Jj«.l,l IS m^>Vl jujj Lai .llu ^ jj Sj iiiSyj 4.1 » m il 

. jjjJjJI jl L~kt j.it *La.jj>Jjl lj Ld a jL j 



: CiJljJI j^kJL (jjJijJI Q-jjj (jt »■ * im ^I I 

.Acid value ja-Jl <ajj (1) 
.ol^UalVl (2) 
.Peroxide j ^Lj (3) 

JLajJI i<xu ijjj Sjj-naj til) j ,jr. oMcliill [jLtjj dll* 

: jJ ji! ^fLdljVI a J .a£lj r jLtu VI C»li»ljjjV 

R — CH=CH — R + 0, > R— CH— CH— R 

2 i i 




Oxidative rancidity 

ij ajj^.jJ .1 < — «..>., j l i.) j*h- Ci_d — i — iSJ— 1 - ? “ * ^j l fsJ-*£ 

. - . I ' 1 1 1 I.illj 4 . 1 . jj.tkjal^k. qYh! (Jx<mV 1 olj; i «iKU *j^»LaJl Cilc.ji — Jl 

( | £ l il I 4 
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1 



,Jjy*kill£!l + < kkA jli ( _ > Al aaVi 

i 



RCOCH 2 COOH 






: Cjj-i jJI — u 

<»«ll < > Aj L-* JJ <jjl_iill iajJ^ll j^aljVI (j-« 

Caj-l^JI jjl j^iilj ^j.laJ|j .ii^LlI Sjl_^a. i—a-jJ 4 tLa jjj — a *L-^-i l_^_i_->-l 1 

I ... * <j_» » .a i < i \*i i n a j\C. 4jJ tf, j LarJl jLi.o jhj j L ^-C .r> ->.11 4-1* £J I 

j^otjVI jjAjlj eJ^j itij i 4 — a ji|JI <_ajj 'j ' -w* 3jL_ c . ,J .A L j .jl ill 



V jj"® SXaIj <ik_>_a. (J| J L^J I ^y» " '■ -V Ij <il^ j-- a <_jL—lqJ JaC. 

•(vy3^^^ f • > (J1 kjjj jJI uj j 59 (J[ 89 (y> tfjjjJI 

Qk^.jj.UjJI J l a «~» i, uL lilljj <J-uiu <J[ (Jj-* jllj CjjjjJI Jj r> -kj 

illajl CjjjJI J^ya-l ^jjll 190 * 150 Sjl_>a. <a.jj jj (J\ l'JI ,Jaa Jcl .lift (_!»!_£. 

: <JtlJI iJjUll ■ '^•kj <jXm» jIj-# J [ <Jjl_uJI 

Clk g fi a La. 



elk /ju 



4fJji i_K«i 






j Cil_/4aijJI jJJ 4-iUi.J Ju*o lli-k.ll CkjJ^ll 4-kliLj jl JjM II 4_v >">*> j 

.<jjLkU^JIj 4 j a i .Lll | _ >< a|jail 

"Triolein” ^51511 .jiJjVl Jj "Tristearin" $11. 6^ 

■ Jrl ..in iJ^Lafk (J^iil) ale 4-a jOfJLr 
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H H 

I I Hi 

— C = C— + 2H > 

ch 2 .o.co.c 17 h 33 ch 2 . O . CO . c 17 h 35 

CH.O. CO. C, 7 H 33 + 6H > CH.O.CO.C l7 H 35 

ch 2 .o.co.c 17 h 33 ch 2 .o.co.c 17 h 35 

Triolein Tristearin 



: JlaJ _ £ 

"Glycerol" >K11 ijjio ^J-l. ~ i ,_^ol — LiiLaj j_jV I a " > 

* " 1 " 1 1 a <jj j Li j ik.Lj <j V | I J V I l t L — ^ . <_ii — .A A_J 1 1 — Ij 

Ij^j (jCiiiiU 4 _a1aVI j *~ t .Vjl ^U-JI JL|lyyi.- »Kl l 

.^A^uVl <-iJ jlj diVjys iKII j JajljjJ yiUI (Jii-JI 



ch 2 oocr 

I 

CH OOCR/ 

I 

ch 2 oocr" 



Lipase 

> 

+ h 2 o 



ch 2 oh 

I 

CH OOCR' + RCOOH 
CH 2 00 CR 7/ 



Triglycerides 



Diglyceride 

Lipase 



ch 2 oocr 7 ch 2 oh 

I I 

(pH OH CHOOCR 7 + R 77 COOH 



CH 2 OH 



I 

ch 2 oh 




ch 2 oh 

I 

choh + r'cooh 

I 

ch 2 oh 
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R— COO— CH 2 

il 

R— COO— CH + 3 HiO 

!i 

R— COO— CH 2 



Glycerol 




R— COOH 
+ 

R' — COOH 
+ 

R ;/ — COOH 
+ 

HOCH 2 



HOCH 




<XJ & iiL^L <cly-L^jJ a > j JJLlI frill J I j-A 

oblj*aJI j J^LajII j . (OH-) (H+) 

:Lipases ^ua > ^Lil 1 Esterase yj cjbLiJIj 



ch 2 .o.co. c 17 h 35 


CH 2 OH 
j 2 


CH . 0 . CO . c 17 . H 35 + 3NaOH — 


> (JHOH 


ch 2 .o.co.c 17 h 35 


ch 2 oh 


Tristerin 


Glycerol 



+ 



3C , 7 H 35 — COONa 

ol yu*u 



Cj <Q3Mxj y^jLuaJI _ j 

CxajJI (_^ol j*yL«Vl (jjijjj Sac til L Cj^jj jJl 'JO'* .ilc. (J in ii i 

. < t t h . \ 1 1 yvx CjLuill j j V *U,Lj CaljJI (j^jL^c J Li al J-...1 lj 

f 



ch 2 oocr 



CH . OOCR 3NaOH 



CH 2 OH 



I 

H 2 OOCR 



-> CHOH 

I 



ch 2 oh 



3R. COONa (ojA-H) 
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id ._>J jj V Ul u »Ull AJjJji toll IQ I 1 J jj J 



o 

II 

H,C — (CH,)n — C — O — CH, 

? I 

H 3 C — (CH 2 )n — C — 0 — CH 

? I 

H,C — (CH,)n — C — 0 — CII, 



3Na + + 



+ 30H* 






HO — CH, 



? _ 

HO — CH + 3N 3 C — (CH) 2 n — C — 0 

I Y 



HO — CH, 



+ 3Na 



^•LsJLI cjIjjjI jx. a_jj Vj jj* c^l — i— Jl !i* j\ i . ■* _> j 

j j j- ■■ ■ K 1 1 < iLj j jl jj iiiJ l 



O 

! — R CH,OH 

O I P 

II 3 KOH ' N 

CH— O— C— R — — > CHOH + 3RC — O 



CH, 



CH, 



P 



Z — R 



CH 2 OH + 3K + 



? 



CH,0 — C — R 
2 O 



CH 2 OH 



| 3 HOH i 

CH— O— C— R > 3RCOOH + CHOH 

r CH 2 OH 



I ? 

cn 2 o— C— I 



- 88 - 




o 

II 

CH, — O — C — R CH 9 OH O 

I ? I « 

CH— O— C— R + 3NaOH > CIKOH + 3R— C— ONa 

I ? I 

ch 2 — o— c— r ch 2 oh 

\ a 1^ 8 a 7^ ***11 (J^xaLxJ! 3 4 ImLuJl flJl d SA J-a — 1 — j— 

4 \ XijJI ^ L ) I 4 _ajJ < 1 ^-4-A jJ l ^-xalxJI 

4. ax& vljlj (Jj^ISJIj 6 j\ tnftJI 4 I ...1 -^11 j 4.ki.A jJI 1 jJj-a 4_.i J L_c 

4 Li A J ^jA-ol^x J-C. (_£jJI ^clj <<-JI t <_J l — *J I £ji — »<r> .ill 

.180 JI^xj <Jil 4 i\ l <Aii <1 ,A.iil,^ij CjIj 

(5 - 4) Jj^JI 



^ >KHj AH 4_L* ^ l Wi l I *4% II 



wiJ^j .*tlL w^jlj J*£. 



ckjSHD 



1.0 ^ Jil 



<ii^ii (2) 



p 75* Ji f 75+ ^ > - flt" k -fc~ > 



yi <_*. jj (3) 



SjlijJI JuuC J b. jj V 



.^1 (4) 



CiIjjI j*< iu iKll <LajI ia i£-ll Q-oljjJI (jxiLii 2-4-4 

ill) jj (j jji jJIj CiiLto — iSJI ,_ya!_j_iJI ■_ aTt-t-ii ^1—j — s 

lS^^~ ‘ L? -ill ijc-lilll Ltj.W j iCj! l^eJI aii <a >.o (2>c. 7^4 -j !([*>» iixA — rw <_jJI_lJI 

: 4^ 

Acid Value ^^cuiLaJI <U as _ i 

Sj jiiil ^L^wV I cljLxJL (KOI 1 {j* oLoIjiUI jjc.^ > 

^la^M jljia (J-C. 111 &j -4 .l.f.l Mijj <vlu^ll jl (jiall (j-» fdj_J c j 

SjLkU Qjjj fj~c. Jjj I j_i j a jLiJ <j! (j|j CjjjJI jl j aJ j — iiil 

■ <i\AjJI 
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Saponification Number ^ju^UI jijij _ cj 

0 0 

(JufcjJI jJ-a Lal^C. ^ i i ^~i I <_A j^UI KOH II (Jf* oLaljilll I v_9^>JLj j 

vdiiljJlj Stearic vJ yvS_^Jl IjJ ill 5 a 1 a jIjJP j 

* 

4 1 \ a . 1 1 1 (j !j^rk.^j-o Palnitic 



i > 

\ 



Cf* ^ 



LJjLlC. 0.5 * jt-»j <L-.-n ij. ^uLlI 

KOH _Ji cs+ 

(r^ u-) 

jJl j^aLajk-V) £-}L«l ^ KOH — Jl jA»j 

^^Li) ^LiJ rt -J. - * ■ .^iJ I 



I 



ijjk J (^i. 1 ,_^Lij KOH jJL. 

(^ ~ <->") 

^>1 >1 1 



3 x 56 x 1000 

fjj 



- l h>J' 



O^' J > — 0 J? "i ' *J 1«XA 

i^ljjyvxjjKLJ =JI (jjj-JI J j — * — L 

ii/~» a t j-*j jl ijj_ £ LI <ur.ui 

[jniL iL.~il <A$JU 
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Acetyl Number Jaiuj^l j»ij - ^ 

eLUJl (jA-al 2k. <Jjl »JL 4 .jiUI KOH II oLol__>J>J-“ J J — »-* > » j 1-1 j 

Acetyl Deriva- • - I A a JJ <Jj jjlj ^ajJI ^y> a ^lj jklj— ij ^iU.1 — iOI 

<_J_l — ■•■ 4 — iVa.iII ^la-kVI Jj .rkj a £yC. ajiLi Ij-A ^ Ul ij .tlVC 

. 4 1*. . ..yi . . 1 , u -l 4 ' l jj. JLUI Ak^JU ~ j*j 

Acetylation I 0*^' 

V iJluiVI 

4 1> i . i 1 1 

1 

,>^3 j SattUU ..JUt JLjJI 

V 

jLLJL 

v 

T 

KOH JL r ^ -.-.n 

r 

jyi .m^ii ■ ,j»i ~ l .m3 KOH fjut 



Peroxide Number oxuiij^iJI j»ij _ a 



£y, (_gjt J C. 0.02 J jl-k A 4 i_«$ll .-.Ijt . *'■ ,,.ll 

jJj--lj 4 . j jaaJl Satll ^y> 1 <Jat*_» j ^*JI <Jj1_*JL 



jMJI 
j j 



Iodine Number ^a ^ jJI A 



pA 100 (JjJ (j-4 . rt Lu fiL al jkjj JjjJI £y> CiL»I_>jUI JilJ JJjJI ljj» J*1 « ~ ■ j 
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A^ Vl jljjL* jl j»il f <— 3*jJ < ... I i »i Q_»aa_jJ (_£ jjl J CiJ jJI jl (j* 

Sjjj Oj j j (j-iLi^VI killj iJIaj 204 - 178 (jv-* J j-JI ^JjJLi < o_i_4J.I _/_c. * >*. * ' H 

119- 105 ^2 _>JL a ~ i i iijj j o — i — s*i~ u ^jL-i~^VI L_«1 <t jL Vlll 

■ . -V. I I yvC CiiAjJI A*^Vt * > jl J a * ^J.r. I l * ~ ■ a j I l ~ . j oJii-jj 

db ^Jj 4_a_lJ l.A l\ 3 <jJlc 1 o l C-ul — j^dl ..'.It". a . j 

JLc iJLlj j ai » .~l . A a -> .1 |jj L_*l ■ < . i \ A 1 1 1 ^v.1 VI ^ t .tu I r 



. ^ 4 l’iA aJ i t _yO 1 aa»V I 



R— CH=CH— COOH + I 2 
R — CHI — CH I — COOH 



(6 - 4) Jjja 

< /k-iijJl VI y^ljVI JJ£.j ^J_>JI 



•La. ywa\jVl JJ£. 




^jbAdJI A 1 -V li 




^>i 




1 


90 


Oleic v.‘l\ J jVI 


2 


181 


Linoleic *iLJ^juJJI u^»La. 


3 


274 


Linolenic diJ jJuUI ^A-La. 


j ^ 1 >~ U\i — > . 65 jl^Jt 


4 J ljJjjV l J*u — • u! 



:<x.i. All jr^i. 4 _i 3 A jJ 1 ^altaiVl 6-* iaJU. i^.jj i_i >■■**») 135 ..u^ll ■« 



CH=CH > CH— CH 

I ! 

i i 
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Volatile Fatty acids SjjIKUI Jol&jJI ^U- ^ VI 

,j m jld-» (Jil'w.j ,Jx Sj-ilidl <jjjk jJI uiUa.VI 4-axi jjjju . W . " i- i* 

l _ r <Xa L-X j (jjJC* [^ygjL'w i — »1 iiu UjJU a.i f 1 — HI JLaJ — J — uuljj jl CxjJI 

jLu j La j\ U >*l > 5 jjUilil (j^aL»^.VI Jyaj ^->j > <J 1 1 x_*Ll I ^jLl 

<jj ^ Lxj 1 ^ ...li« *\ a t ^jJij jjt ijuU < L(J 1 ■ - -»* <»UI jLij 

<l.liJI ajjLUltl ^yill (R. M) Reichert - Meisscl 

•LilajJI (joLojxVI <JjLii tajiUI KOH < i»*C 1 1 cJ tU.1 j (jLijjlJ 

jl >~l > j cj U !_> — c 4 unii Saponification * ->.* i *Jl ^ Li L* <. iMjJl SjjLLxLL) 

Polenske Number <1*^ U jjaH »UI j ^Ul ^L^yi 1.1 

J J \1 ij J-X J u^Jlj »U.L < — -ul jil _/vi. a_jjUajJLi 4 t i. A.l — ii j_>ol — xxV I jlxJa — a u — 4 j 

j ‘S\~> ^y (_j-aL»^.y I ajjk <JjLxi 4 * j^Ul KOH II ^y 4 H^ll Cl I Jt ftji mil 

S jLtlaJI <UL*aJI (j^La^VI J (^X» jjt SjSLi < ji al ij jl CiJ j CiLolj— C 4 — la.a.'h. 
Lfj— a ^x aj£* ^ Ka, » Polenske l * * < <.. i'j J I ajlll ^ ^ a all <!,,,! ... II cil jj 

jJI a-iUI j ajlxLJI 4 itAcll 
clywxti ^y CiLal^ 5 

i 

jvUllJ! V J ^jlil Jib'l l 

I 

NaOH _ll cy ^jU 0.10 JjUiII 
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( 7 - 4 ) 

jj^iU olajl ^LLiaIS ^mLi 








4 1 j>« 1 mil 5 *i^a < i i A jJt A"kVl 


Reichert Meissel ^11 


^ jJm J 1 JX, ^jjiu 




4 j-\A jjl ^qIa~W Jjjc* 


(i^l^~i 1 I) 


<^ 1 j Wfl II <l\ AjJI Lo^. 





(8 - 4 ) Jj.w 

4. i*t 1* 1*^11 OiljjJl 



fjjll 


fJjll 


rV' 

j t u*> ill 


Reichert 

Meissel 


fjji 


0 «JI 


2.6 


65-47 


203 - 195 


0.8 -0.5 


0.8 -0.5 


,jAJ 


- 


69-65 


198-194 


0.55-0.25 


- 


Ml 


8.6 - 2.7 


42-53 


200- 196 


- 


0.25 


f 3> «»JI 


00 

b\ 

■ 

VO 


28-26 


230-210 


35- 17 


35-4.5 


J 


II - 10 


88 - 79 


196- 185 


1.5 -0.6 


1-0.3 


1 CjJJ 


2.5-21 


111-103 


196- 194 


095 


0.9 - 0.6 


^kUi jj It 


4.0 


202 - 175 


195-188 


095 3.5-1 




Cm J 


150- 146 


84 


183-175 


1.4 


0.8-0.12 


o^3 

: tULufl 



1 ^ o-« — » 578 i*> > _■> ■ (Iodine) (jj.ijj'i I £-* *-*f j (J^^— *■* 

£y» fJu> 680 
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S ^1 jr> i.nKII <ij ^ j^iljVI JJ£- yA L* — 1 

S OjJjU JjJI fJj yA Lo _ i_i 

Sj^aVl (Jj <— iL*Aj I 2 (2h» i_L>* 1 ul — t 



lj (jjj I 2 0-578 

oj^ji 884 Cr“ {*■ 0.680 



(0.578) (884) 
(0.680) 



(f*) UJjJ' 



OfjJI Cy> J>® j l2f^ 751.4 — 

253.8 = (126.9) (2) = I 2 ^>JI ^ 

I, ^ 75.4 

oj^>J1 j I 2 2.96 = — 

J>* f {£■ 253.8 

(jjMj Jlj 1 J\ .11 lK I ^oljl lilliA ^1 lilJAJ JjA-Lli ,ljj 

i^ya ^JC. 100 j u^vi a 1 1 (jjJ^iVI jkX 1 {jt- ajlxc. <jLi ' — 8 J — — '-j i 

• ( > *» ■ . t il jl 

751 4 

100 x ._ = jjJI 

884 




: ilLuia 

Jx. II KOH — II j^ji jij-4 47.5 ^^iil) Cjj j (j-® 250 

^ Cuj j i^MJI CjIvUI ^.^Kll <—>■■> ** I . ij^l^ ^ yuiTi 



Jy 10 -4 X 8:482 



fi. 47.5 x 10' 3 
J>»/r* 56 



: J^JI 

- ojlkll KOH _JI 
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: ,J^i\ ^ JU KOH II Cy oV >* 



! O' 4 x 2.827 - 



10‘ 4 x 8.482 
3 " 



= ^yui juI^jsji ••• 

(r*-) 



Lre ^ 1 u 3 >" 
(^) ujjM 



= oV jli jot 



^->0 U-L4' 



~ L A’j-?-M jj 



004 10° x 250 

884 - _ - ojjJ 1 •’• 

10‘ 4 x 2.827 



: Lftlc. 6 



j> 



- = (Ja*II) u3^t 



1000 x 56x3 

Ct-jJ J» 1 C 

168.000 
^>—*^-*^Cfcfcll JJLC 

KOH _)l ,> 47.5 , _ . .1 ... ... 

^jJl Cf C 2 °- 25 



JAt 



884 = 



168.000 

190 



* Z U ...A 

Palmilodistearin U ^Sj 

: JaJI 

-. Palmitodistearin — !l 
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glycerol 



H 2 c - 0 -C-< c H 2 ) t 4 ~CH 3 
O 

H — C — O — C — (CH 2 ) j 6 — CH 3 + 3KOH K — palmitate 



h 2 c— C— O— c— ( ch 2 ) 16 — ch 3 

O 



2K — stearate 



JjIac. |»_i ji . — • J y* » yJk L*ij KOH {yk Cj'J ya .-i lls'l l 

{yt fi. 1.0 j t KOH — !l j jx. yc 

56 = KOH _U 03^1 

862 => Palmitodistearin — U ^>*21 

AjI ^lc. 862 yi ^ .<->*>1 v_jjU>lt KOH <j-» ^x 160 — (56) (3) 



^^1111 «> ^c/KOH Ji > fA> 194.9 



KOH Ji,> 10 3 x 168 

,> fU. 862 

194.9 = ^>"0111 ?-*j 



Phosphoglycerides oIjj jiuuis ^ill 5-4 



tyO-* Lv. 4 joS Ji .Ziljj.ff tittKJl Ja < — » Ji x ~4 cKIa 

Lilt CjCaL_^jjJU$JI jOtjJ — a-ll (_g. l .- a. I (j oLijSLM y* Li _/\xj 

Ixujj < Phosphatidic acid cIauLLu^jJ) . 1^ ■ J jV I ^ .« m j] 



oljuSLLui^ilU u am' <iba4 <j J jjjlLiijill U**-* La. j* 

Ju yli cjL^>* oLL^jiJl lajjjl < (Phosphatide s) 
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.Lecithin *-*■«*! 1L ^iJl ^ * *<> >> ^a-*I of yv^Jlj 

l _ r <^Lrk. ol j^ajI Lj^j La£ ^|-Aj Ojiajl I J CC LLc*i^-iJ 1 CjLlIajJI X-2WJJ 

jj jjlill Lft fc > i - J j~ * ^)-> ijvaI (J-* ill J-jj Li-wi^— ftJ I 

j-aoLi. {ja jj j iilll cA iJJ 4 — j — ^ v,L— mj V i olijiil J ~v 1 

."Glycerol bridge" Jj^wJUl y>^>lL j3 JjjLLL^ ^1 

l^-u^k vj Loir. 6j J^rkj J-Aj ^ iii-k. 11 J^lj * * L^J <-Aa*1 o^ajJI 6 jfj 

■ l jA 1.1 1 jLiLjjaj JjSJIj i_j1aJ)j . i t ^ir Vlj jjd CuoLi-J <jjlj i>-ll <- T » — <i ‘ iVl 



ijJjSJI ^ya J L^jIaj Ja. j <-t...oj_^l <J jllll CilwLi d£ j_i ujj--*J 1 |t * st'\ 

: <-JlsJI £jl & _>il oj^ j) (Ehanol amine) Jjili.'s/b -(Choline) 

^ “jl ) O'-! j£ JjjAjt.i-u.jill — 1 

Jjjtjjl Jj J jjti-ui jill — •—j 

.Jj /jj Jjjjjli-ui jill _ 



Phosphatidyl 
cthanolaminc (ccphalin) 



Phosphatidyl choline 
(lecithin) 
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Cf^ q* ciIjjjLLuj^JJ) 1-5-4 

Phosphatidyl glycerols JujjjULu ^JJI - 1 



V jjaJI <x.^a^JLI tilt (JJ <■' lUI 4 ul 1 — J 1 11 CjLkjSjll aj-4 |unij 

: lf-u5_p J^A?J J* 

. Jj^KJl _ 1 
. ^ jliu jjkJ ddpLLuijiJI 



RCOOCH, 



H 2 COOCR 



RCOOCH 



HCOOCR 



O O i 

II I I 

H 2 CQ— P— OH^C— CHOH— C^O— P— CKM 2 



O 



O 



Diphosphatidyl glycerol 



(Cardiolipin) ^ olj-ALi-^ j_ill .> £jill IJu Ja <Ul_.VI <>-*j . 

J «I* - I Jjjjl ClcllLI 4.* ' t . J-. I Ijjfc j ' *" t J 4 I ' 1 1 li < -v ■ ■■'■VI SyA % ~l mil 

<CjLiIAJI l 3 4 1 t i l pi t A i - 1 . ■ 4i 1 1 (_^o j— 4 j jni "fc *ii > 1 

.dajjLLwijUl 1^4 Jx (jjjiaj otiS j-o 



Monophosphatidyl glycerol Jj^ualSJl jLx^l dj-*jLLtu jiJI - 2 

(_yA»Li. Sa^lj 4 jj^^. Jx Ciljl_illl j a J J — — a ol >■ 5 J — « LT*J 

Jjj-oaKJI J jS ^lil UjiiaA J_u j .(Phosphatidic acid) dj^U^UI 

.vlIijji-i-Lijxll jj A -v j 4 jA*jJI 
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o 

c h 2 oc 5 aa AAA a A 




CH 2 OP— OCH 2 CH 2 N(CH 3 ) 3 



0- 



Phosphotidyl choline 



Zubay 



Name of 
X— OH 



(9-4) Jj^ 

Zubay ^ iulim c*l ui ill < > »» iJiiuiVl 

"? 



if i 

R.CO — CH 

* I 



CH 2 0 — C — R, 



0 



CHLO — P — OX 

i 

o 



X Substituent 



Formula of 
X 



Name of 
Phospholipid 



Water 

Choline 

Ethanolamine 

Serine 

Glycerol 



Phosphatidyl glycerol 



— CH 2 CH 2 N(CH 3 ) 3 
— CH 2 CH 2 NH 3 

^NHj 

— CH 2 — CH 

2 I 

COO 

— CH 2 CH(OH)CH 2 OH 



Phosphatidie acid 
Phosphatidylcholine (lecithin) 
Phosphatidylethanolamine 



Phosphatidylserine 



Pbosphaddylglycerol 



RC 



0 

U 

o CH 2 0CR 

coAh 
I 



-CH 2 CH(OH>-CH 2 -C— 



’ — O — CH, 



O- 



Diphoshatidyglycerol 

(cardiolipin) 
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: (9-4) Jjo^. 

X Substituent 

Name of Formula of Name of 

X— OH X Phospholipid 



myo-Inositol 




l’hosphatidylinosiml 



Phosphoinositides CjLuijLii ^ill 2-5-4 

.>1 1 .'~ jl a I Jx. V (jjJl pi Jjjj i 

: LuL» I j-* Jl-al xuc. j (Inositol) J-t (Jj 

.(Myoinositol) < >1> » e>« »H <_£ j Jj -^ H (j-» J^y-o 1 — »_» 




OH 

: &j-» J-c. (j-» j 

L - Phosphatidyl - Myo - Inositol 4.5 - Diphosphate : 




H OH 



L - Phosphatidyl - Myo - Inositol 4.5 - Diphosphate 
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Lecithin _ a 



j 4 z > .<alj 4 1 mj Aatjjj 4 I,T»JI CjLjI£J1 4 ■ “d ^ j (jo— J — u lilt "■ ■ 

j dJu^j ^ n ^ > !l l i SjiJ! Cjjj lSjIju Ld u^»-kJl jLi^yoj JfLIlj _i__iSJIj ^Jll 

(Monoarmno Phos- ojL^i o L l d ^L- u^LILj 4 1 *** dJ I 4 t > < *» > a . l 1 i 



4 1 * 1 1 * .Cl 1 



CH. 

I 

■N 

I 

CH, 



•till jj-aj < 1 ’. I 4 1 jn'i 1 jj.t mail ki»j — at phatides) 

.(Phosphatidyl choline) JjjlaS ^ilL !ia 
O 

II 

R— C— O— CH, 

O I 

_ II I 

R— C— O— CH 
O 



/ 



CH 3 — N + — ch 2 ch 2 o— P— O— ch 2 



OH 

Lecithin 



O 



O 



CH 2 0 — C — R 



R — C— O— CH 

I 

CH n 



O 



3 — O — CR,CH-,Nt, 



O 



L - a - Phosphatidyl Choline 



p— CH 3 

x ch 3 

CH-, 



ftLJJ ^ -kU ***. 1 1 t—fll t nf> l J_c j jli fld^. L iLVin (j>\ ,.j — m-aill _/Cx u j 

.Sjl^il j * J jUl <jL»jj 3j ^ ilVUU l _/.~l 1 j uiUj^j 

0 0 

LlMiJI 4 1 4,4* r I j 4 ^lLo£. jj 4 ni 1 ^- 11 * “ i 1 1 Lrv * 1 1 j \ a l_A IjjJ ■ i* 1 * 

* J i*yj I J jkJ^wuJ i jk^ IjJ J»4/> LhtUj 
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jjljj 5 jL« Jx. J.f j , J jj jx. |I Ciliiia L«1 

oLaiil j < — 5-4 lx. ajL_« J | ijj -v ~ ■. .Siv t- 1 . ^ 4 H t *Li_uoJI ^ < c . yuu 

Vj-Li— • i-i. jj <>■»*■ ajL* l+i J<L> viil j ■ »*■**■ J -^Jj~ ‘ -yi fdC. *->y lA. «Jt 

.till £M 

J j~*j u^- jv^ '^4-1 » «M ) Jl jl ~»~ >ll L*^ 

• jjjjjtj j JxfJI (j*jVI oUn-jJu^g » rr C M <_>*a*Lk.j <jj 5 a-Axli 

o 

II 

0 CHjO — C — R 

II I 

R — C — 0 — CH 
1 



Or 



CF^ — 0 — P — O Cf^O^N* CH. 



o 



Dilute 

HC1 



CH, 



CH, 



O 



0 CH,0 — C — R 

II I 




CIH,0 — P — OH 

2 I 

OH 

+ 

2R COOH 



j ^LuJI JjA_ili lj Lysolccithin >uj^L 11 tjjfL* L>JiL* c t * j |J 1~» » _» 
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(j (JjlSj »Ij — a- ajl ^.jJI CjLjj_S ^ 1— « i u (J-t fj *■ • » ^ \Jt 

l _ J -*-»Vl ^-Ul ijj 4 J jll L A.. mJ| .i'l’l « I J * VlA .lil ( _ > Al A-V VI ■' -vl (Jj^ ^..1 t j5C.lL I Ij 

: f jju Phospholipase A jjjaj 






JJI 



Phospholipase A 






V 



o 



CH 2 — O-O— (CH 2 ) jr -CH 3 
HOCH o 

I ii 

CH 2 — O — P — CH 2 — CHj — N 




Cephalin <j*JliaiJI 

Phos- jl Phosphatidyl serine ;U~dl JjomLLu, juiJl oL £ j-» J[ £_.ri j-*j 

j Lecithin — II j V phatidyl Ethanolamine 

uj^jj >yVI j Lfjl V[ j uLjilt l| ~ i- _ iLU 5 ^a-c 

<3 < > - .^'b Q-l! <- a — ***i! j I— i_* 3 U V_>L-* *01 {-* 

■ <J l 1 1 < ...~l Vlj ^LajJI (3 CkoL ^ miVI 



o 



H 



R — C — 0 — CHj 

II 

R — C — 0 — CH 
0 
II 

(j!~ CH 2 0— P — O — Cl I 2 
CH 3 1 



OH Phosphatidyl serine 



- 105 * 




RCOO CH, 

I 

R'COO CH o 




CH 2 N + H 



3 



6 



Phosphaiidyf Ethanol Amine 



(jjSJ (j^Vi j oLl_^ jil aj-A Jjljij 

Jjii lj^-4 til >4 jcIj < jj^aVI <£-j-o — a»-ll J-o <Jj C.I j Jil 4 J jVI (jv-oV I 

■ ijvJji]! J-C (jjjJI ol-bili ■»■*< j-iJ I J-o < t >A a Lw 



Plasmalogins ^jMJl 3 - 5-4 

jl £\_jj J-» 4 i\i -\ j yvi Sac.IS J-C «-ijLL*-u^jL 1I aj-A (£y — aj 

l > i ~. j 4 1 li 4 1 .. ili ,. ,^jlj . JjLajJI a Jt — a . j J — : a .^ i j t Jj j a mi l J 1 J ^_ jLl_jVI 

CjU^aJI 4 a * .j il J a*lA i tjj ,^J ^ 1 f - ja a * £-a * LjLa > iJV 1 

JC .hl li o^jjI SjvoI i ^ - a. ^ i q*» i ... _»lllj Ccphalin 0*3 1 a > «n)t jc > — il^ C i j <jJ 3— i_il 

liJVI £-3^yLLj Ji/aia J t^lVI i L ).ia .JljJI 
CH 2 — 0 — CH==CH — Rj 



R 2 — C — O— CH 



/ 



.0 



■CH, 



QL — O — P — O — CH 2 — CRj — N — ch 3 
^ o GT \ 






CH , 



Ji_o J.-Q jjjjijJI — a-U jjLajJ! J1 ~ i j i <C jI j oy^ j * 1 3— 1 j_Sj 

Q i*. a dl Q . A aLa-H 



s*h. JjjV) l#ji jjjJI CjLOujiJt dli lfjL> *-V _>-*-■ u^-vj 

aloJj < jjIj CjjjVI a j--oVI jlj < < - ai A J lI I ( jiLa^VI Jt C - L ^ a ^-c a £ j>il J-t £■* "41 

dllA J JjUoIVI <c . a jj» yiaxij 4 -jJLxII ^ 'u . y jj l - j f ^Vt ol .v j j 
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: yill l^j-» (j-« Sjjjh ^l_pl 

. ^a-° I mj-iJI * 1 

(J-ijuGt & lujiJl - 2 

1( jj J i i <~l a ... j all - 3 



cj L..'i.a aJ I j IjLA Til _■ ^Vl jJt ^ j — ?-jj 

jrvc <. v .... : ,V> j Vj j^LajJI j L “ JC&* <Axd»Jlj 

CH 3 — (CH 2 ) n — CH=CH— O— CRj 

O 

II 

CH 3 — (CH 2 ) n — C— O— CH 



O 



H 2 C— O— P- 



cr 



Choline 

Serine 

Ethanolamine 

Inositol 



■ <a^i .<n II 4 -V _..u \ ^>ij iijii it jJt .v-v 1 <Gi K i [ 



C/^ jJLoJ^UI oLjjia 

.jjIaj - 2 • _ 1 

_ 4 .jj-IajJ! jJ^juuVI — 3 

. - 5 



■■ in i K II 






< jL*w) 

* 4 _ i\A.\ 
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Sphingolipids <bJ ^SuiuJI oUla jJl 6-4 

: Oj l-U I (jljjSjj jjtxklaj oLiL* jJI «Jll* 



Sphingomyelins oJjU jULmJI - 1 




Cercbrosides * * . .»j^w t j*. . ..it — ^ 



Sphingosine 



Phosphate- Fatty acylamido OH 

alcohol or unit 

Glycoside 



Sphingolipids <U1 jlliuJI CiUiA Jl 
cdjjjS ilml iuj Sphingosine ^luVI ■**■' -*i 1 

.jljJI J>a-SJl (jiAjJI Jajjjjj uA-*l 

~ V a jjl jjLi L iilr. cd jV I itj ,«y« |V-« Auu CjIjjSLjjJI L_*l 

■ J-C. 



fjx. — * <ajLuJI jjl iol I l »*i 1 1 i<ojt j i -v I I j d -~ll ol — lL*jJI a j-4 

^L«VI ■ t I ^ 4 lti |J - * itlj 1^11 < I Ilif VI Uoj! J4AUJ ^ i t ulol l 



.(Sphingosine -uk jlL.) Sphingenine _j l*J 



H — C — CH=>CH (CH^ CH 3 . 

H,N — CH 

1 

CH^OH 4-Sphingenine. (Sphingosine) 
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18 — II lilj "Sphingosine" ■■■!! ^ ji£lj 

-Li. jj C 20 < Cl9 « Cl7 CjIjJ Ctlj i_j£_>1I I.A 4 J CjI_>1oLiI* dlllAj SjJ 

* » nUII ^ Jj oljllljCli mil 

' I ulLml Jt <-J t mil * jJl I » J J 

Sphingophospholipids Hp \km ji oUIajJI (t) 

Sphing myelin JIl» ^ ... j t . ..I I jx <jj jj— ^ jj 

(10 - 4) jj-^JI 



Structure 


Systematic 

Name 


Common 

Name 


H H H 

1 1 1 

CH,(CH 2 ),,C= C — C— C — CH ,0 1 I 

III 

H OHNHL 
+ ■ 

H 

CH j(CH 2 ) , jCHjCHj— |C— jC — CH 2 0H 


4-Sphingeninc 


Sphingosine 


Sphingcnine 


Dihydroshingosine 


OHNHj 

H H H 
1 1 1 

CH,(CH 2 ).,CH 2 C— C— C — CH,OH 

1 1 1 
OH OHNHj 


4-Hydroxy 


Phytosphingosine 


Sphinganine 





J-t j ~ i -j j^L« jJI C» luL I »j£li *J! (jl 6ljj_^j f » Jl *■ »l -o[ > « ~ « j j 

■ qUJJ^ltlM JjJulfJ.ll M lil'l 1 1 _/X. J*\ *. i ... II 

< 2 i- m. il tii l l kliLlJk JJ j.w«l Jj .-I t^a. ^ * _il_t VI 1 ■yjll ,j[ 

,<JjUlll (jj-kjJI -little. I i-ijukj 

>-uSjj tj JijJ ^.(UKjiSl ^iulaj !J « m il i jj 28) ^xAjJI ^ulaJli 
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: , r ...I I j ajwljj ( >XiL«^ < v.Vi ...VI 

J ch 3 (CH 2 ) 22 co 2 h 




jt mil >_.i 



Sphingolycolipiils -LuljjaA ^jjli ^SoLmJI oLua J l (»_») 

j< *“ )l CjLixAxII^ 

"Sphingomyelins" od.L.jliLuJI ^ j •« Cy> 

Jj-o J-X. L^U J ■ < i »1 I < ^ Ji ill i-Xlillj ^X. l^jl^JL. -fc I li 

<_> jLlLc I j^c. -.1 i Kj 1 1 t, j_A ^ a ■> 11 j (j-4 J V . ** ! jl .1 ->» Ij 

oUUxJI j C.iLljU.iol l^.i » vli J -v i jjiJI (jO*j (Jj CjLj — *S-JJ 

-.-■I i'it-ill 

Gangliosides jJ&KJI _ ^ Cerebrosides _ 1 

Ceramide Oligosaccharides SjaCdl qLj^iJI ji -uLly^J! _ £ 
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Cerebrosides oIjluujjj j>^JI _ 1 



( _ f -*J jj jl£ CjLlIAJ J — ft Cj I l\ A .I 4 — 1 — i ft "v 11 j L ~H< 1 _ i l ,J-*J 

l g " f . J a a A_a juj^J tfillj \ a ...11 u-\ il i i^JUAA l ft 1 1 t J a Cj L — » — ^ 

^jjSj -iA ££.jJI ■ I ->-~J iJjVl cJj-k^l) ic. j-a. — iJ.1 £jt j LT^*“* tj^-al — :*. 4 — lii— aVl 

0 L 2 JI i A ft 1 /_vC. l" 1 1 t *\ j 11 b AJk t_ Ji 3>-^VKJI 

.ji^Jlj jjAj jJI 

0 

: ^ ■ 1 Lu U. . ~ < 1 jfL 1 bjjt JLw jjlj 



■ Lr-^j ^'ia ‘ “1 1 t>« Jj-* 1 
.(jjjijll (j-o Jjj 1 

(>• jA _£~J1 ,>» Jj-« 1 

*'I_A ...jVC I J!L» <Jjj]o <l«n1 m olj 1| *i » <ji-A_JI I ,Al a_.1 j i a .," 1*1 j 

.(Lignoceric) 



. W*\ 1 1 J ^La»l]l j >1 .Anil AjUl) <j_C. 1 Bjdl 4 -1. ..11VI j ol 1— a j-A .1 -1. jj 

^LajJI (3 ^jJI Cjl iiAii j ^ t»JLj *La j\c.j ^Ai-Jl jU-u>j 4 . i IS! 1 tj 1 L» 1 i j 

J-^ JUJaJl (3 (j^Jl LvIjj J-C- iSJ 1 ^ 




: <Llj ljj_kJ 5 j_jjLi.il oLt u'sjJI — 2 

j^Ij * » ^y_c. (_;j ~ > ^jJl Cerebroside _uL***jy^j j^JI a^L-c-l « tj l ^ i o j-* 
oljLjL * j >K ilSUI (J Lai c ^_J1 j~ a 1 j. — ftj _,jS jJ— SJ) (3 Lo£ 

. wjLi j*\ i .«ll ^ 1 *i*l in i k J W t ^J^JaJLi 
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Ceramides - 3 

■ <j Jj ‘ n I **\J^*‘ * "‘ " pi *~> »ii i Jx ^iiuj 



o 

H II 
N— C- 

I 

CH 3 (CH 2 ) l2 — ch=ch— ch— ch 2 oh 



? 



H 



-R 



Ccramidc 



■Icloj ijjljxaJlj 4-a — uuVI j < « tulj A j J . ^.1 ol J. 1 ■■»! yuiVlij 

OlaAjJI jJjj! ^-*j I ftjjt i- itla-j j < ■ ' ' » I < iiA -ii I ^ja U'k VI 

.Lfjj SjjJV^yll 



jiUil CiLiLuJl (JS. A 3 Oj /^J l Jx (jj^rk.,.1 (^jJl j -*> * ml J— Ij 

.jjL-aaJlj S>JI 



Sphingomyelibs CillJuU^Sai^iJI - 4 

£j*-LM jiliuJI (j-4 J i Hill iliUltj!] J| ... Z.jll I J l a^i) yJj 

JjVI J j-^ ll « J-4 yjjjjl u-a-«L_aJl Ifj -UpjJ 

J^X aJj-a-jll <-C.j - » a — »J yjjkjJl ( _>Ckj*i — aJ! J ■ <~|| ~>J n^0 < ^_S — II £— «J 

. Jj^^iuKlI [J % * i i«i II jj^J i^Jji jj ■ ‘^jtll J* ^k i U£ 

CH 3 (CH2) 12 — CH=CH — CH — CH — CH 2 OH 

OH NHj 

Sphingosine 

D — Erythro — 1 ,3-DiOH — 2 — Amino — 4 — Trans — Octa Decane 

tib JJ » ... yj-*-lJI (jA^LaJlj 
oiiill u^U^VIi i^ill Ci-qU-j *ki . --» « II <^ujVI IjjIj «CjI » ^jil / <‘ i > i 

■ ;M UI j alj ^jJlj iJ^xuJL J j « > ) 
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Gangllosldes oIoxuj jjK'.kii _ 5 



Sphingosine Muramic cLIjjjII ^ 

jl j jS ^tuij *> yi^Jl jAj — uJij ^ 



QH .Glucosamine 




NouAc 



cj! 1 1 (jlj j — jlill <*j -^li \ -A-ftj 

.N - acely neuraminic — llj N - acetyl galactose amine l| j 




£-• ijiili ^Jiwlxui JXi jLoJ 4j .1 > .<4 pl.Uji 4 I jruu ^ij 

JlLaJI L!)Lx (Jj jj *aj OjjjiVI c<ln o* tj JJLi— Jl 

•(tf jUjII *>aJ1) 
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H OH 1 

R 



Steroids o1>uj>j-uiJI 7-4 



(j^iLojvVI |*—0 A^' l a j\ LaJ '- - j" Ijjjl Cj V ^-.~kiC]l 

i 4 . 1 4 4 j U--v 4 ft l~k ci — iio Phenanthrene _J1 <» * • — ■ * 4 , q l ..**) ^ ^ f ) 

. Cyclo pentano perhydrophenanthrene _> ilia. Js. ^Ik^j 




Phenanthrene 



jjjyO-tJI <y <jJLt 4 t*C i~ Lfl-J I ejLi_£ j — » 

4 J in*n i D i C ( B ) A ol ilv.ll iCu^< 

■~A U JL-rtHl Ait. <JU»!^1I JAII CiU. JAy* J[ jLio j . <_tiaLi. I Q in i *~a 

L^uij j £lj Jjijl 4 . 1 1*1 1 1 olc^a -y ll Jjlj JJj .Oj^l (Jo-^L l i CiU^-J — 

oils Ia| L »1 ■ tit i ■ ‘i*..t*if. l jC a . i i «Cis y^j » JSLi-i ol j j is^y ^ — 

(jlj < 1 — Lll ^jXAj lfi\i Trans is S' *** * J^-ia 

l^JLa .it yjj : J I . ^-.~ » uij Trans fyS O'* 1 *^10 ' ^ Zj uJl 

4 i AiUaUiuj CjIaj j yvi mil JljAaJI joajjj ‘£_jaVI O-^t J-»** 
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La a l-fcl < la_L»J Ij < H .t» . ~ -a < al~i% A Cali U~*J * -C~ ' "* 

. tijaoJI f Jl LliLi. wJL&JI 1- 1 IJLI J 

CjU'j -i v llj oUl_uJI_j < i— %JI Cil!ul5Ll! Jliail j Ci l — a ■ *> _>It aJJk .L y jj 

jyc- (jj— o(jj 8 Jx. uj ,' L -O jjlJi <■ H t)X» Cjl-A-j — ilt— « (j-a (_j-A j L j^jiLdlj 

: 256 ijj&j (jl j^S-oll o >nlxL» 

265 = 2 8 

Jxa <_ilLaj<JI t t ‘1~ ^Jx 4 — d‘i-wa 4 a J Ijljjl '*‘1 *• 5^11 ajjt 

,jjl... t\jt K-Jt ^5L»I lOLl-ialtltll lOlj^aj^jJ) 

: (Jl ajjl jl III >j j 

Jj-a .lil Jj J y'.l.in — 1 

.(Jj^rO-uij^jVl Jaa iajLxj CjI JLj jyvj_ia _ -_i 

: iJGJI oLS jll Ji (Steroids _JI) 

.(i^LcJI CiV Sterols _ I 

.(*jl_>JLlJ Bile (j^aLa-kl _ >_> 

• ij^£i»ill <_» m‘»Ti.ll — JT 

. * i ■ ■iV-i. I t Catj^yaj^^Jl _ J 

. 4_d l fc'i J-iVl — —A 



Vitaminc D! 



>liaj _ 



. Saponin ^i^iLaii w j 
. digitoxigen J mil Jj-o ^ vUll otaxau^S-iitSdl — j* 



: ioU olii*5U 

■ < _n_ ti U ll oVj^.JI (j 'jj Li-W *-Sjl (3) u^l “j-j <J aa.jj (1) 

tj-*- Cl8 I C 1 9 J ^s3ji CliAa iTjVj J^jaaiil (jj (2) 

.13 ,10 Jjj^ 
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V 10 6jji IjJ 4 jSjjLajj! ^ ^ A <ilrw (3) 



j 'j/* --‘ll %. ^ ^ <17 jjjjJUl Sjj j < Li LiJ V I oLnajxll (4) 

:CkxjL»Jt < 1 ,.*1 ... H j ijjj j-^ll oljJ j jx. ( _ r .L**\ ^x ol *l»j j\ZL***JI j> ■ ■-.*. * ■ 

■ <jjjL»Jl <1** 4 .. .11 j JjjjjS oljj 10,9,8 oVj .£*■*■ J I j _ 1 

Mji^JI j _ybLaoJ J CjIj j L**tii — i_* 
■ 111 > J«0~^ Jj oljj j jjjjS CjIj j 2 _ jr 




ija j c*l jj ^jjj Trans <j**-*l jj J S ,* t o jji£j Jjj^ ^*** 1 jS2I c*1 *1 a * »^ jl 

^l^aJ C*--£L_» — a ^j£j Oljj JJ * » > <j**J JJJ < 1. « ^> ~ J1 JxJU.1 

jjjjl_£ *I*lj j jjLaj jj-4 i.illlj <J-*jLi. <,L*4*u* Jx Jj y\j .-JjfUl (_gj 1-fc.i .*1)1 -il-y.il 

1-7-4 

Phenanthrene _j <«»■*■- sljj jc. *jLxj c&^JLI * * *ij * ■* n -•Vjj.~ -.*n jJj 
^.5 jll J < » i ***« < i imIaA <ilr>* v-* < « VC-- 6.5 ^jjjSJI (Jjj c* £-• 

jjj j£JI Sjjj * i ■ - <- * . * j U* *r j>-* * j^x ^jjAi l*£ * Phenanthrene J^x>l j* 2. 1 

Jl .19 , 18 jit 13 , 10 £_Sjil ^ Methyi — II y^j-»^»j 17 ^Jj 
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ijjj Cjy * — j ->j lut L*>« * * u ii • l| K .~ Ail-w 

.3 i j jJI ^ (Ux.) J^uSjjvUJk <c^jk3w»j 6 , 5 

clj^kJt jJI diljSJI »t A.r iJLaJoJI < iKJI ■ * »KII £ji. ,qJlI (j s a . jjj 
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* 

j^.1 j \ * iijfcl j uiil^jjJl j Ijl - »*i Vil ■»**!! j-A. &\ 

j *4*il ^IjjI ^tA^J oIaJ^U j — ^1 * — jJ LaS 4— j., 1 All j\ ±..y 

ito .mJj^LII 2/3 ^.ij tp\jk^cii\j ^oll j LaS "w) 1 ol—ujfcaJl 

. <j.i Juli j\c. *a aJ 1 a.^. L yv-k-M'l 

' JAo j o^-oVl Jijj— ^.t xxj 

.L4U1I j ^-jeJ Coprostanol (B) _ 1 
-JjVt <^..^.VIj fwJl j a -?. jjj B - Cholestanol (B - all 0) _ u 
jx j jSJl axt-Sl »H5l 7 - Dehydrocholesterol _J1 Ul 

(> jrjj 



HO 

7 - Dehydro Choloslerol 



HO 

3JB - Hydroxy - 24 - Methyl - A 5 ' 7 - 22 Cholestatriene 
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Ergosterol 2-7-4 

j J-C. ^AJI <jjLlJI w^j (>• 

7 - Dehy- _JI <^,j j^il ayv^ljl joju <_iS jil I jji cvJjjj Vit. D 2 a-J jj 

.drocholesterol 

j Ciljj (j-a _>i£l JjjUjJI <xL_l_£ JjyG — 

.<LtAiLuiJI oJ- 4 (3 6yv^l ^y-X. 1 fl kjJJj oLd| «4 1 k >i II 4 1 « ** { mi l 

JjjrtLtuj^jyU B < tl-k 11 j <_^jj J j_x». jJ 4 ■% _ > V i j 



iO,Vl uij^j Jl ^.Ul 7 - Dehydrocholesterol J eiJj£j 

jIj 7 - Dehydrocholesterol JU <D i^LuiM LLii ildl 
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H 



DeoxychoUc add 



D 2 i 3-7-4 

JULVI (_^c> _>-* -< ^4 J ^ 1 n i ^ J) ,_^a _>-o 02 IjjjJI J) ,J^olaJI ^^rki ill k_> i «ui 

.jkliaxl] i flH-n~.ll .“il i ... u>tu JllLi 3 * *■* i jJIj 

Bile Acids *1 >uaJI ^Ua.yi 4-7-4 

(jUlj *1 (j 5 j S terols — 11 Sljj ^ jjjJI ol »— ^ jJll (j-» 

(Cj) a j*. .r>l C t -.'v i — ^ol a — I 17 oJJjill Sji > 4 1 art’ll I 4jgjl-a.Jl 4 I ^,,1 mil (jlj *-Ti 

• 04 4- j l u ^jg <_c :^*aj (J{ 25 , 24 j»J j j (jj-jjiJl (jj j C^-t 1— fill. L i y 

. Emulsifier u , jjjj ^U^Vl 

Cholic tdi l^jill (jooLi. 

J". « * -J j_g jJI Q->11 jvU <jll_4 c. ttj!j_U 3 (_><*_• L_aJl lj_ * O V J-J 

# 

L-nlj (j^jL^aJI 4 lAj dUj£JI i_ra-*La. jvi. . ijLaJI Ci CJa ~ > - * «- N 

, 4 1*1 j ijKjj i v4 4jl^j j 4iJaill OXui 
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AJlaj ■— * M~ ->-l £_* »! jijja IjL^Vul jo lo iVl y*J 

Cp* wjrijll* y^-Vt lA^J 

o 




I H 

C— N CHjCOO 



Glycocholate 
H 




,*—a Jo-al a.l>~v* l il»H Cjljl J t-v II (3 < I ... ■* jll tlj 4 najl ^jALt-vl J_3, jj J 

glycocholic <i j£_* ^jj-iJI jl Glycine u q..^L^JI 

O h .taurocholic Jl u ^4Lx J 

li I 

C 23 H 26 (OH) 3 C— N-^— CH2— so 3 h 

Taurocholic Cholytaurine 

Glycocholic dJ i^Sj^UJI 

S/s^aVI (3f^* (j— ^ Glycine (_y£i-aL»JLi dJjSLJI <_p-a Li. jLaJl £y gjjjj 

O H 

II 1 

C 23 H 2 6( OH ) 3 C— N— CHs— COOH 

Glyco cholic (Cholyl Glycine) 



"Taurine ^ulai cU^LII ^cuU. jL^jl j] 
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Stereid Hermone oU^j^l 5-7-4 

Adrenal Hermones ajJLIi jjVI 3jJ«JI oUj^j^a 

O 

II 




Cortisone 



~ ■ l'i ■no-l-al ajlcl ajLi^j frt-LIj ^111 IJ i^> i_ .a jk ilri 1 1 1 Ij-A — i-ij 

jkjJI «■ ->■ ■*■- ajLij (J| (_^ j^j 4 . iKil < l-t '"lj ■ j.11j j^J_UI Cjl— 

. * U i .A J 

O 




Aldosterone 



Cortisol 

* 1 1 j r ■*•'-»■ ■ j «-<Vl jj-a jJ^-U 

. Oj iiit M -At j!>* i> 3 j^> 
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Testosterone AjjSiJI 



^ jyy~> *1*1.1 1 kZjtljJjjvJ) alia U 1 JLjj Jxj ijjSjJI Lliljj-ail Jx Ja.1 t 

.Cujl^i a! ** il itj ^Jx V j 




<j (_j jJlj <Cjg j-c. (jj'i *a*> Androgens ^Lu — ^.j j.iiVl i ^_ya jjbj 

<1 ml .., Jx V {+ ~ ' ■■-'-> II 



: Aj ^L iVI CiUjjj^JI 
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o 

II 




Aldosterone (a minerslocortJcoid) 
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OH 




OH 




j (J jj J~c tfjfjAjj Oo-iillj tj Au l) jtL-u* 1 -jSj^jj 

<i _j>-v - U <-u->!jaJI Jl li* , ..‘V jjilili .j-iaLi-U LLSjll <* tf'l J-C JaAjj Oiil ^.11 

Estradiol 17 - {5 

D SjjJl 4 'i CjSjjI « JJ^! A <11 -vi ^ .1 

OH ,cJu< 
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■ - 1 

Norethynodrel synthetic progestin ^ 




R — H, Northindrone 

? 

R — C — CH, Norethindrone acetate 



Digitoxigenin 

J-C. ^ -yl Will Ca—uijVI Uj » V t tl i.t j l# jJI <jjaVI ^y 

.17 r <lr* 
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Digitoxigenin 



(_£ AjlI! jivi J4-* C*LJI otlLiil XiJJ-ll (j Jta.jp j 

#■ * 

■ 1.1a. LoLui ijjSj 4jJL»JI £jaJl (jj f^y* .ijjjj 



allujUl 8-4 

-La Ltvi 1_y 1.* i .1 <1 a h A. ■» oLiS_>— a j' ■*■ '*■*■*^1 < «., Cat i ^ jt — a 

iA (jyiljaJ aJ^ja jjaJI *3 CjCjjtSLilj Ual alrJI Jj J — ajJ 1— £ < — ill — ijjl — 1 — ioVIj 

(_ 5 aJI Ij^LaJI ojajJij (JxtjjjJSJI SjL _ a j ja^il Phytol 

. jt - ma J) jJalj j (_jLvaJl tLpl! j t j Lj uj (_jS_p»Sj .<_£ jli\ il l a . u Aj£ (j AajkJ 

: Cit uijLlI ^LlusI 

. j Isoprene oIaaj JAc J-t * ' - oL»£_)il aAJ j* m Ajj 



iiiaVt 


Cli-laj JJ£ 


Ciljj JA£ 


. ,..?n 


Citral 


Isoprene 

2 


U^ 1 

10 


Mmoterpenes 


Menthone 

Famesol 


3 


15 


Sesqurterpenes 


bisarolene 

Squalene 


6 


30 


Diterpenes 


Lanosterol 

Carotenoids 


8 


40 


Tetraterpenes 
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. Camphor . Pincne , Citral Ju ^ j*j JlS-iL oL£_>l! *1a jl *. jlj 

.Lycopene -oliujjKh ^jLwoSJI ^Jl J£.Vi L*S .Menthane Jlj .Geraniol 

.oLlj^Jl j (Squalene) Jlj A 

*JI iijiL oLS _>J.I a j.* jx Jlj » (Phytol) 

cjljjuJ ij j-* jjjV-* j - f - > Squalene _1! L»1 lj L— tjjjKII 'Jit. ~l) 

. *Li1 ,j jfiij 'jjJlj CiL^j^rvill » I 

.*111 ^la-iu Jx. L jLtl ^jLboL H ola^alj-m^LH (jjii <»LLI 



FIDO: 

molecule 



Fauy acid chains 






Hydrophilic Hydrophilic 

head tail 



Monolayerl 
, formed oa ! 
surface of ! 
water 




Water 





y«tp: :; 
Mlceilc +&&&& <&&&+ 
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1-5 

OtjJ-iA j 1-1-5 

j*\ iu i*» IjLlIil cjUIj wiiULill a.\ <jj jA» II cjI i_S jJLI j » 

L>J J v-ttli L ‘ ^ L) £.J * “" > ' b j^-SjJSJIj w-l- ■■•Q .. t . II 

0 

jjUa jmaII S jwiij j ^uiLmVI oLj^jSil ^j-l^S_j |J| j>-tl i n I J i|wiUj ^uJ I (3 1 1 mL<) 

j j j I L I ... 1 1 ^ .-.l* I .'ill jjjl ml 4 J in'll _/uju lf_j] US i^Sli -a [jljlSJI^ J -w ill jl^ij 

(iLol ij Uljl jl^-a <-- 1 -vl'lll « .^LiSJIj g^UlJlj ■ • “ aJI 

jUoS jjJlj UalLuJjj j-jJkJ I 4j_» i'ijai ^jjjl -,^‘lIIj jjl .1 ...II S 

t-uij (jjj jSJi .i > (jii ifjUk. Ujij oLlSjIi . 4 a»uyi j 
^ jilSJl < 4 _ 1 jjc.SU jljll ^-Uj-i Ifj] US i^jj «A ll «_uSj\JI 4 lU.r. < L ...Ij . 

wliU-j jjVI ~.l 'r I ...(. J ,-.l\ 1 «1~ .all jjAaj 1 _ 1 >S jj j (Jckjjj 4 jjL — « — iSJI 4 — aUcJL 
(JS-ili Jx LSLaJl 4,1 .nf 1 y_uSlj 3 j ^jJl ml i.,ij Sljj j (Ja. Sij < 4 -ij^lll (_jiiUa.Vlj 

.<jjS_k*. CiUxiJjJJ 4 jjS_w- 

J A*L»~i ^ZiJIj J .All l\ A~1 1 1 4_lU— C (3 *1 Ij — ^ I I Cl Ij I— 111) j CjIj_ 1 l-AjJjlSJI ( jUj 

Q 1 w~> jjJ UJljJI <JjUJLl jSj (jS * ij ijj^jjlSJl ' ‘ ■ ■■ Sjl jL CiJ ml jitAjjJ I 4jUa J- C. 

:dJj 

xC0 2 + yH 2 0+ < 1 U» 

C x (H 2 0) y+ 0 2 

II <>JL.judJI 4 Uv --. jj 1 Ujjl) 4 »U\11 JIK .nil (J . jaL flJ lL UUvJI 1 J_kJJ 

(_jli j**" ■■" 4 jj L aiS 4jU» c A/ i ll jij__u wi l ^ (CiUL ul l (Jk-jjj^jiSJI) 

ij UJ I «(j*. 'v ....j-M.- S jl J| *-0.1 5, i .m S lj cjIjj-jXjjjLS J1 ^jjjlSJl j _ >-■.■ Sj l 

j .~.lj 'li J ijK li Uja£ (j; j-i.1 i_y» jlloj .C*ljJUA^4jlSJl 3 m *. Ja i l 

duuSjl ^jll j j.-w.~i ^ill 1 1*1 it-ll 3 ul iaiSJI wiiLi.Ut.il J| Cjliliillj c,UIj.j.iJI i4.%l 

-Mj U^J^> 
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C x (H 2 0) y + n0 2 



X C0 2 + yH 2 0+ <iU. 



JJ JAjJlIj ^*1 1* »<n vJjjjlIII 2-1-5 
j <...! „ % ... ij Vlj Ca^-jjJ-a+JIj 

(1 '.fUtl j Laj» Lai (jlj « 4jjlj AlAjJ jtiJ l Cjl t i _>i 1 

Jj-a _/yiJ iJjjJaclj till £-A jJjjjliJI jLaajI ^y> .-.Ij .i t A jj jLCJI (j| ^^Ixj -k . 2) 

• — B*!^T i>AC. Jl (j -O X < — ajJ £ jl C x (H 2 0)y <../c> jy.ll < — » l ><->11 O^S_>il ttjuk 

c. <_jj < Ac . si»l dllfej C x (H 2 0) y jj — i jlfLl! .-ilj .i— i aUj ! L5j j r>j«aa j 

^ jAa i-h. (Juai * i ilj.' i A j I jli ll oL£_>il 4 *' ■*“ <— >*> i J - -v <_L_*aa >*1'»~ 4 t ~ljA aAj ijl-i 

(CH 3 — OH— COOH C 3 H 6 0 3 ) ,(CH 3 COOH, C 2 H 4 0 2 ) JoUJl 

a. .» jjVl (j-J Ja V (joJt 4_ptj CjI a i jll |j^« » J kilLlij 

. . . 1 ij .(Rhamnose) ji *a *Lt! J) 4 > . . . ~. ^uiu 

J-£- U^*-i ^“-^^5111004 

(l "5 JjAaJI Jl 



1 - 5 JjXjJI 

iiniJ.1 Obji-JJ iLwxll 

2:1 = : i^ -v aa Xj VI <»..ii | i_uja11 I o*^LaJl _ 1 



C n H,n O n 




r — 


C 2 H4 0 2 


Dioses 


qL^jjIjJI - 1 


C3H 6 0 3 


Trioses 


yJI * 2 


C^O* 


Tetroses 


yN— l !1 3 


C 5 H !0 °5 


Pentoses 


oLyjiilill ** 4 


^6 ^12 ^6 


Hexoses 


oLmj “ 3 


Cy Hj 4 Oy 


Heptoses 


c>Lu<jja^Jl ■* 6 
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^5 H,o O 4 



t_L»jJuLl) ^ O^LJI — «_j 

Deoxy Ribose <c~£ ,*>aJ) - 1 

C 3 H 6 0 3 Lactic Acid eJLlS!>UI - 2 

C 6 Hj 3 0 5 N Lucose amine - 3 

Classificstion of Carbohydrate Cil j^ uij 2 - 5 

: (J[ ^LU i ^ 1 1 -> ~i I ku cjlj jSJI p i **> t j aj 

.Monosaccharides LjU-VI ^LjSCJI _ 1 
.Oligosaccharides 5 j ja^il oL^-Jt _ 
.Polysaccharides (iieLAll) SjjjiJI c.L,A-JI - jr 
O. I ~w ^ 1 1 4 l~i 1 4 i * ill . ~ 1 Lj • • 1 ) L i j.~i 1 1 *hit.H < 1 ll -w V 1 »*JI j 

JJ l{ L i la, 1 (jS-aj V JJ — »— j — a (_ 5 JjLajJVI jl ^y& 

■ IjLuuul i^j L, ^ t.il I oj.4 ^1.^1 (D) t -A al l J< All jj jj . ^ j K llj t Ja ...jt ulijCi 

1 a a ydifi <TLa 1 L f ll\ ( <1 a ^ZiLS _d I y\_i£J! Jluo ■ ^ i- 

•6 11 - 

: J- 1 -® (6 - 2)? ••■11 I (2)-® uae <1 LljU® J I ~ ~ ° V 1 i^iL»jS-^i L®1 

t> C 5 JUV 1 jiJl <> j gill : Disaccharides i-uUUI objiuJI ( 1 ) 
jjS^I ^® ^jSlLI Lactose • ■■ (_)!1a >.!.*> r> a jl ' -» (j 

J) JlaJu j- 4 — « (Maltose yyi—ill LaI ,y^_i-£}LSLIIj Glucose 

. (Glucose) 

^Ul t n iu~ jie ...11 t>l* : Trisaccharides <Li35tj uh^u (2) 

(JS (jiL -1 <ll-k~ ale. jjliiljJl j \ ... (Jl® CijL ^.1 oL>j*% ... ^-® j 
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Monosaccharides 



JjjLwVI objiuJt 1-2-5 

j\ J-* <Joa_*44_JI c»UjS_uJL l_.Ail u • ...~.j 

.I n ^ m ) CiLj£-mj JJ I 4 hl- L ~ i {jLjkl V yjkllj Jj-uiSj jJffJI SjaViA 
CjLat J-i.1 <j-» jnjill ‘‘*.1 du. ** . IjLijjl CtXk _JJ_ SI (D) u 'l - Alii JlAji jj 

• qJI ■•• jjjlll Lfrj-* oLi_>S-^JI e>j LA Jx. Sy\i£ .<JL4 

jl 3 — n oi*k Cn H2n On (Empirical Formula) 4 mj-^" in^ *-i -JI 4 . > ^ 1 

5jj J£j ^4-uild IjLllil j-l^VI iajL^Vl JSUfJi 6 b .A*! 

J-£ l—f-La 4.1_oJj I J— £ <(0H) JUaaSJjJjL* ^Cj a t . a Jj; M ^ 

QJaAJ (LaL-JI <J J L^ak. j .(Carbonyl oxygen) jd. ^ ajISJI la^ “» <jVl 

. i^ jAAA Jat.,i (_j 1 ^aJ I 6 j^-* ^-*ac a*> r j ajL^alVl Cy> 

oL^/LJI ciij j .Aldose jjdlVlj ajLajJVI *f * J**.~ ^~ll -.1 -di ^ -- . i..*j 
^ 4 Vi* 6 ^^ j*> 1 1 ol Ketose j jiyClL. 6 J* 1 1 *a < Ja^j ,jjJI IjjI — a.VI 

. (ose) 

dljSJ .iijJaJl oljjJI j a c- (1) : .... ..»% ...1 1 . V . < A->~ 

j! <_j jjLajJI itj>% a j j Jam (jjJl ilUUl <c.ja -t J.I ^S 1 v ( 2 ) 

olj J J - '.r. JjjJ Jtt~> ... I (j£ 61 1 JoJlLII 6 ^> ^.IxJl 1 | A *wl it*.J f ^ LJk\ . A. T . 4 

.(3 -5) (2 -5) J| >:l .(OSe) J-U31L 6^1 

^.uK Jaa cjIj j b ■ i jjlJI dfc <jjl — a. VI am I I ^jjjl iiAALjl 6 l 

."DioHacetone" 6 jV-' cs'^b -"Glyceraldehyde" jjUoJ! 

(Triose jjJjUl) «^L>j 3 j (Aldo) jjUJVI Jam juUJI ./-uafcJI 

- ■■ j| > jj .. ■ ■•! ^Ijll 1 . *1 .Aldotriose ^ a ^ • ...j 1 

(Ketotriose) .aj > 6j-b^ j— • ol_>j >i»3L» j j ^ai — »-l 

.(Tetrose) jjJ'j u A '“ f -i oljj ^ L«1 

sZjIj j o-u. Jam LaI .(Pentose) ^b-* u M4 ^ J^^ 

(Heptose) JJUa Ciljj ^ ->- ■- J*m (^aJIj .(Hexose) 
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C±jl_5k qJ Aldose jjjJI I — 4 -lie. CjIj j £-J — >-t J1 — i-_Ji — * 

<_S All ^jL*.VI jfi ..ill ^_^c. jjj iSUl jjiluj t . jjIajJI i— i c.j — » % a Jx. V . -> . * 






Jjl csj^f 



CHO 

t 

CHOH 

I 

CHOH 

I 

CHOH 

I 

CHjOH 

JjUjjoJt 



CHjOH 

c=o 

1 

CHOH 

! 

CHOH 

I 

o^oh 



(2 -5) Jjia. 

OjL^Vl ptij^ <m}1 »Iam1 j liu^aJI ^ > tnll 



4.j.xi^V.jJI 4 i . ..f»ll 


r UJi 


^-Vl 


oljj j-i* 


c 2 H 4 o 2 


Diose 


jj-ui 


2 


c 3 h 6 o 3 


Those 




3 


c 4 h 8 o 4 


Telrose 




4 


C 5 H 10°5 


Pentose 




5 


^6^12^6 


Hexose 




6 


c 7 H 14 o 7 


Heptose 




7 


^8^16^8 


. Octose 


Jj^VI 


8 
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(3 - 5) Jjoa. 

^ 1 J j -k A 1 J " 1 1 ^ L^\\ 





jj* JVI 


^ t * 1 ^ V J t 4 i l 1 j 


Glyceraidehyde 


jjUJI 


c 2 h 4 o 2 


CjJ *.*'“*' j J-l4 (_5 1 jJl 


Jji>AjJI yuuK 


c 3 h i6 o 3 


Dihydsroxyacetone 


Glyceraidehyde 




c 4 h 8 o 4 


Erythrulosc 


Erythrose 








Threose 






Xyloketose 


Arab in os e 




^5 H 10°5 




Xulose 








Ribose 








Lyxose 








(4 - 5) Jjii. 






Ketoses ^ 


Aldoses Ciij j-U}U *VI 


f uji ^y\ 


jkl xJl jy J-'N 1 




f L*JI >1 


o 13 j-V <11 


ol^jj W 


^j^VI oU^JJ 








jjjlJlll 
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(5 -5) Jja». 

oUj5L**Jl ist\\ 

iJI 4 ^ i d m i -^-v 1 1 


^uji 




jjilyjjl'M -1 Cj Hg 0 1 


~ 1 1 -- j ■! 


Glycerose 


Aldotriose 


Trioses 


'“^jj- 1 ^ tfWI 


jjjljljljill -i_, 




Dihydroxyacetone 


Ketotriose 






C 4 Hg 0 4 




Hrythrise 


Aldotetro.se 


Tetroses 




— 4J 




Erythrulose 


Ketptetrose 






yjUjjJVI -1 H |o 0^ 




Ribosc 


Aldopentose 


Pentoses 


Um'J ' 


— >_i 




Ribulosc 


Ketopentose 






0 6 H 12 0 6 


c*ljj ...<^11 


Ciucose 


Aldohexose 


Hexoses 




— <_i 




Fructose 


Ketohexose 






-1 c 7 h 14 o 7 




Aldohepiose 


Aldoheptosr 


Heptose 


Jl 
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j-uajl iaLiilllj > JnA'mil,l * joAJI 3*5 

Polarized Right and Optical Activity 

i_l_i jjj iCiit a <%n i *' l ■ jlnUjt — JjLI jJo^I t-j .All 

l j^^JI oL j*^ * * /i i iLa^jI^j a l a j V 1 * • - si . 

(Plane polarized .^11 > j - A ll <jAc (jrj 1 *•* - j ^ Ju ^ jJIj 

Iaa it j .Al l j j* * . r> 1 <jjl_jA oLiji “H j i il-> i*i .nil, l pj _< All <_ i_ <M .yni ~ ~ . light) 
^L>. jll .t ->- ^yo 1 <.« .ul ■dJjj i_>Ui~> «<il,l *^\H Jx Jj .^---11 Jj 

.(1-5 JS-JLJl >il) ...hi-L^ll J5U. 

< a Jj VJ Lyjl — 1_ j~c-VI » -All ,jAjj <_ jJI JjSjj jj ...Vii.1 q^jjj 

. (. .U i~ . ,.l I jl y ■•'Cm I ) o jt Ac. VI 

(. J .Al l Jx /ljIaJLi <!lj jaJI j iiljjll 4 > •tMViLliLajy^Jl J jfl * > 1 ) ^^_Aj 

Jj ...1 I I ^JC. u^j-ucJI JjljjjJI t<r j , All I j-A ijtjjJ 4 n «■> a >_ — lull 

r-t v. 1 ”^. 1 u+* <Jl — =»■ jj ‘tAf 

( 4 » 1~ A. - £jjtj aX^.I_jll AjjJI < t ...Ulll 
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ij (_£ J l j T ul V 1 




u^tuii <u!mi «*i i *^*aJ1 

£tjL-Ul (jM s^.\j (j j i ***+ 




i *.***I) 

LEVO j\ ItLJi *U:l 





Dextro ^LJI ujk * L-w *. ! . , . u ■* . .. i i i^ji ^ijjj 



(2- 5) jii Jl 



Polarimeter . . iui-.,. ^i 

L» jl I_,) i r> >~I <«l I » j ■ All jJjy ft-fcj ^oJI (jljjdl) ^ a< lij» |J «■ > !■> .o 




<srr 






vLE-lt J 


[' . . . 


L 









v uoi*.*» . jv*. (3 - 5) jsjji 
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: |3-* 1-1* 

-Aa-3-« J-t J^qaJJ jl J»- *. .~i - 4.0 : <>j a*<v * j «-j ^ 1 

. Monochromatic Light c-U. 3II 

<i_il»ia-uJLl *3x0!) j-Mu^ Nicol i -<i 1 1 

^LjjjSU ijjylJl Sj 3~^JI ^ ■< ! »-,» — . Lij^j 

0 0 

{jr* ^ i l — * . mS> * 1 ! LjLA 4 ^ y , 

. I_u 5 k ^ 44 * 1 * 6 k}L *4 ttlj t 1 

jl^lt OjlLI J^Lw» joi) ^1 J, LyuUill Cj^-ul 

■Wi 

0jjjj <jic <j Cuuj iLlsklj cJja-ij 

b-1 (jjj— <U! JjjajJI -xU-jj 

: Lixi-'i I l j-a J| > r i Ki1 >*>ll jy^xjt (J jLA. CjLxjJ-1 ->^3* *3-*^! * j j 

jLuajJI ^Ij-x jlc j^l&L j Ljilxil c»-»i-Vi — 1 

V 3 ^j al^tl <ylAJ Jx. Jjjj (jjJI OjUJ) JJC o — -iVi - <_i 

.L* jLiax* jjc 

£3^3 ibjU .1 yiSjjj £ 3-J Jx. jij— aJJ 1^3 "* ■■ *h ^ J -* 

.Sjl^aJt La.jjj j*3^oJI jjuuaA^ .(^uLiJI J3I0J <t_u-lU 

^ 3^11 IfJylw obj-^ V* 2, ur^-P 1 * 

iLJUil <JjU 1 I ^O. 

(a) -b^iUi obj-ii' X iOO T 

— - — = (a) ~ ,-i yxajl Jj3a-xJl L>j J 

Cx (L)(_^Liil J-P* D 



*3x0 Jj— a. 3J (T) Sjl^aJI <-^-jJ ^ tr*^— Jj3 - -w i l l (tt) ^ 

: y, ixlil JjjjjJV >3x0 Ljlxj <^3Jj3x£»Jl 

JL»3 ill 546 Jj^ ( a ^ (546) 
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jJI k (cc observed) ^a ) 11I yljjJI 

. (^lOO IfL) ^All-C 
. (j-Ltil) = L 

cj. w-ill ^ cjjaLI t-iAJj «<— jji* 20 SjljA. < — a. jJj i t-lj — til j 

iJJjj ftjlil wjI— »J tjn-vt < 6 ji-C- ' (j^jlill (j5LaJJ ftjlj— »JI 

: tjCjill <e-j J U-* 



100 X (a) Ji».3Ul (j'jjjJl 

(a\, X a-Uill 



ijjUVi LjUjiwii aj^UoJI 4 - 5 

jvt»i £-U^S 1-4-5 

£jjjaJl (j CjL» Ij — a.— " * » — ii £_» — teJ) <->L-Vil < FiSCher j 

GtiSk j Ij-ft fjlxil JajLel ji J .jLwujJl Jj jl JJ olc-^A-yllj vlil jiij Jjji — 

jJt Mil) o t -»«-l - m l ^jJl ^lJU J-C L i A- t ] 1 i— LL ^ ^rdl 

^ C^Jlill ud^-idl <> <s^ fJ <i1 tsl <{j>^ >&il Levo .ji^b <Dextro 

L» ^1 lilJj -i*-j i>-Gj clLLIcI Sjj.iai L^juuaj j_S j <Dextroj/L*uS j jl Levo ^Ad 

.g t-t-.o,ll Jjk Oi. S~>\ 




H — 0=0 



HO— C 



:—oh 



H— C — OH 

I 

H — C — OH 



ch 2 oh 



Dextro-Glucose 

D-Glucose 
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D LfiU. jlU Levo ^ jLDIj Dextro 



H — C-0 

I 

HO— C— H 

I 

CHjOH 

L-Glyceric Aldehyde 
(L) jjUJI 



LuLAj <jI .<!i'i jjjJI sZjLi j < --H JC« 

J-t Lj 

H — C=0 

I 

HO— C— H 

I 

ch 2 oh 

D-Glyceric Aldehyde 
(D) juU Jl 



all 



L- Glyceric Aldehyde J JJL-UHI j*i. b'j tPl-Aill 

j-Kll j D L )SJ j\L 5 j jSJI CjIj 3 j — oj D — Uj 

ujLajJI j- ■■ » K Aldo j_iL 4 jJVI cilj ■*'' ■■■" ^.u-> /iCj >L-Glucose 

.. 11 LA. 1 JI ^pii >K 1 I L i ij 4 L-GIyccric Aldehyde 



Absolute configuration 



(jlhtl laju JUI 2 - 4-5 



^ n a i (Jj • - ' 1 *■ ■ j I I (Jjl i j j.itnJIj <ZL — ft J*4 II vlil— 

rJllJI jUill ■ 4j~ / 1 1 Ifj 



CHO 

I 

H— C— H 

I 

CHjOH 

Allj t — ftl .ajliUlLl J\i. Jj—a. __) — Ll I j (ji-j—i—aJI (Ji— «J Lf jJlj 

^ iui »!)* a_) j -^43 JIaj — I j-l j.l -111 uf (Aili-ij— aJl 

: JljJl JSLUI j JJJ-uH 
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>— iJjojjJUI JjjjjJI ^j^Ju J J i^jLUkXI (jjJiA 1 jj j j 

<xLt ^jljrnj ,<joJt_a Ct^ixlil <-J| ■ ‘■■■*‘‘J (+) J_lLAjJI ym>Kl 4 jL!^. tjjj jj .'ltUj (_f .iii 

j D kJj^aJI ol tfl < L <-GL*JI <jj£j Jt>il <3j i^oj D <&LJI J[ ^ *^-‘ j <iL 

VA_it L* l>% II _jJjJjJI CjljL^J £j»«IJ <J5tx dLtjk J <111.1 till ‘M I L 

. ._J-U JUI Jckii 



tLuLkVI CiUj't^ill Lj D JltiVl 3-4-5 



jj*j » u 1 ^uSjjj — uk jjilljj Glyceraldchyde”.ojUjJl j wjK ^y» JS > » *> < <- ■ ~ » 
JjSU ,<jjLa.Vl oLji-Jl ^Ijll l+i j_£ Jx "Dio Hacetone" 

: Lj D |> K amij (<jJIj*£) <1^,111. j^c. ^jjjS 5jj Jl L+IjjSj Jj*j 



CHO 




CHjOH 



D-Glyceraldehyde 
jljUJI j- ■ ■ j K (+) 

13.5+ = (ctf 

D 



CHO 




CHjOH 



L-G lyccraldchydc 
j^Udll (-) 
13.5- = (a J 

D 



ijjjjiil Jjj Jx. jljL*jJI yuuL£ (+) -D uujj udi dU> jJI cfjU.VI m lLi 

(— ) -L ijl Jja»jil i_jaj ,_)■■»'■ <J JjLS fjj t »1 ,D > it > «r>* £.yjl . t JxVI ijJI ol j 

j-w, cjfjJl (4 - 5 JlAll) jxVI _>JI Cilj o^j^ 1 *j+1j .JiUJl j,.. 1.^ 

+*j 1) D-Glyceraldehyde <1> nill Lj D ftllkj >. U«a oljjjJVt 1 L 

(jjjjfkJI jl JuUjJVI Li j a jv a ,^a ^jJJjIS ijj 

-CH 2 ijxi i^jll * « ...t~.lL I • jj Jx OH —11 £-*ja (jp << jl » » 

. L J^iiu 4 «*i .y»» (jjSj U jUj Jx J -D LjmJL OuLl jjij OH 

*j j ujjjJ J-C. ijLuaUll j^_i (Lj D) i, jjlxull .U-hijJI l_i_l»ll LI 

. -CHjOH 1 J 1 S yjJI (JxVl f-2jll ol j Jjjjjill 
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CHO 



HCOH 

I 

CH 2 OH 



9 HO CHO 





HOCH HOCH 

I I 

HCOH HCOH 



ch 2 oh 



\ 

CHO CHO 




CHO CHO 



HOCH 

1 


HOCH 

1 


HOCH 


HOCH 

I 


HOCH 

| 


1 

HOCH 

| 


HOCH 

1 


1 

HOCH 

1 


HCOH 

1 


1 

HCOH 

1 


1 

HCOH 

1 


HCOH 


1 

ch 2 oh 


1 

ch 2 oh 


I 

CI^OH 


ch 2 oh 


/ \ 


/ \ 


/ \ 


/ \ 



CHO 

| 


CHO 

| 


CHO 

1 


CHO 

1 


CHO 

| 


CHO 

1 


CHO 

1 


CHO 

1 


HOCH 

1 


1 

HOCH 

| 


HOCH 

1 


l 

HOCH 

| 


1 

HOCH 

J 


1 

HOCH 

! 


HOCH 

1 


HOCH 

I 


1 

HOCH 

| 


I 

HOCH 

I 


HOCH 

| 


1 

HOCH 

| 


1 

HOCH 

| 


1 

HOCH 

I 


HOCH 

| 


1 

HOCH 

i 


HCOH 


1 

HCOH 


HCOH 


1 

HCOH 


HCOH 


1 

HCOH 


HCOH 


HCOH 



CKpU ch 2 oh ch 2 oh ch 2 oh CH 2 OH CRpH ch 2 oh ch 2 oh 



(D-) JISLiVI ts i ( 4 - 5) J^ 1 
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C1L0H 

u 



HO— C— H 

I 

a»,OH 



cnp» 

I 

c»o 




aipn 




CHjOH 

J'° 

HO— C— H 

I 

HO— C— H 

I 

ai,oti 




7^ 

CHPH C 



l£M 

I 

J »o 
— H 

I 

HO-C— H 



HO-i:— H 

I 

aipn 



ai,OH 



K— 1— OH HO-C— H 

1 | 

HO— C — It HCOH 




HO — i — H 



I 

Qt,OH 



I 

HOCH 

I 

aipn 



H— C— OH HO-C— H 
H— C— OH Hob) 

I 






(5 - 5 ) JIAil 
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•CHOH 



•n-n— n—n 
w x ji w 
o o o ^ 
xx o 
X 



• • • • 

n—n— n—n— n—n 
x x x sc x x 
^ o o o o o 
o x x a x 
x 



x £ l * 

3 s r 

* <1 

set 

as — 



n— n—n— n—n 
x w x m x 

^ o o o 

o a * o 



n—n— n-n— n 
skews 
M o o o o 

o W X X 
X 



r <c* 

JO Jt c> r 

</> u — <> 

<-n V, 



n-n— n—n 
E X It x 

K> O O M 

o w o 
a a 



S -n— h— n 
ESS 

M o o o 

OWE 



'T h 

S'v. r %. ^ 

mt % 




§ i 



fe -t 

o. f 

§ £ 
" r 



i' c. •*£ 

a l r \ 

° o o 

S T ^ £ 

OJ 



>L 

ft 

•1 












. 4 1 x*UiU j\£. cjIjjJI uj-c. — n u 



ci(j olfjLVJll ftji jj£. iilliSj < aJ I pl^UllI j j-c. (7 * 5) 

5 l>» 



(7-5)Jj^ 



ola jrljjVl JJt 


<1 fcwLHil j^L CiljJlj Cj' 

CjU^iLuuII JkUi i’ll » jj l JA£. 


IjioLuJLl ssc. 




>SU alj-. 


» • 


0-u.tjjJU j^c 






1 


2 


1 


Alsotriose 




2 


4 


2 


( Alsotetrose 
| Ketopentose 




4 


8 


3 


( Aldopentose 
| Ketohexose 


jjlbjaJVt 


8 


16 


4 


Aldohexose 





j ^ cjIj j 3 j-t ^Ijl— « (arabinose) jjj-uljVI Ij.V ->) 

arab- (L, D) ^ j 8 — 2 ^ ci. lf.il 8 4 , 3,2 |Jj 

jUUI D L ‘‘‘I t 4 A~t l tlA u- J^J- inisc 

lj aJI Jj-o ^uL^JLl CjIj tjK ...II L*1 tpLlUu it »^wcJt ftlaJjl i^jC. 

<ijLua (8 " 2 3 ) C>tfjL4kLa 8 Cilj Cilj j 3 (J*t. i 

.Fructose jj-i-Sj — i .Sorbose jj ,jj .Taagtose jjLlSljiJI 

: Allulose 
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CH,OH 
1 ‘ 


CH.OH 
1 1 


CH,OH 

I 1 


1 

c=o 

1 


00 

1 


C=0 

i 


H— C— OH 

| 


1 

HO— C— H 

1 


1 

H— C— OH 

I 


HO— C— H 
| 


1 

H— C— OH 
1 


H— C— OH 
| 


H— C— OH 

| 


! 

H— C— OH 
1 


H— C— OH 
| 


ch 2 oh 


1 

C^OH 


1 

ch 2 oh 


D — Sorbose 


D — Fructose 


D — Psicose 



CHjOH CH 2 OH CH 2 OH 



c=o 

1 


c=o 

1 


C=0 

1 


ho— c— h 

1 


l 

H— c— oh 
1 


HO— C— H 
1 


H — C — OH 

| 


H — C — OH 


1 

HO— C— H 

1 


HO— C— H 
| 


HO— C— H 
| 


H— C— OH 

1 


ch 2 oh 


CRjOH 


ch 2 oh 


L — Sorbose 


L — Tagatosc 


D — Tagatosc 



ch 2 oh 



c=o 

I 

HO— C— H 

I 

HO — (j! — H 
HO— C— H 

I 

C^OH 

L — Psicosc 



ch 2 oh 

c=o 

I 

H— C— OH 
HO— C— H 

I 

HO— C— H 

I 

ch 2 oh 

L — Fructose 
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ijjUVl CiUjixaJI 5 - 5 

jjUjJVI Ci^xlij 1-5-5 

Jtli-jj : (^jjlJjVl) (Hydrazine) jLxiUl oN-tLi: _ 1 

<1- <jJI£ oL^ lj[) Phenyl hydrazone 

jl jjUjJVI ic. •» olj ojUVI cjIjjSLuJI m <_^jjl 1I L^Jil — i— S» j— »j (oV j — * 
"Osazone" _Jlj "Hydrazone" OjjL^U- 1 ' ^ ^ uj - ~ 

i.. at*L-»-'i rill j <_iil j j^L Sjl k_c. (jj jl — LiijVlj .olj U-w 

: ^jUVI wi^L. UJICil 
H H 



C=0 ONNHQIL 

I I 

CHOH + 3C 6 H 5 NHNH2 C=NNHC 6 H 5 

(|CHOH) n |CHOH) n 

ch 2 oh ch 2 oh 

+ 0^1^ 
+ nh 3 
+ h 2 o 



+ h 2 n~ nhc 6 h 5 



h 2 o + 



H — C=0 



H— C— OH 
HO-J:— h 

I 

H — y — OH 

H — y — OH 

CRjOH 

D-Glucose 



HC=N— NHC,H, 

I 

H— C— OH 
HO— C— H 

I 

H— C— OH 

I 

H— C— OH 

I 

CHjOH 

D-Glucose Phenylhydra Zone 
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2H 2 N=NHC 6 H 5 

I 

H — C=N — HNQH, 

I 

C=N— NHC 6 H 3 
HO— C— H 

I 

H— C— OH 

I 

c 6 h 3 nh 2 + nh 3 + ch 2 oh 

4^1 J^laJ.1 (j* Vi J-C J^c Ojj'jjVt Ujfr £-*J 

OO ^C=N — is j*\t 4 i > Lill ..." ^j^cli] ?J.ml i.i ^Sjjj 



h* 



CH=N — NHC 6 H 5 

A H 
H — G— OH - - - 



H H 

I I 

CH— N — NC fi H s 
C— O— H 



c^m, 



CH=NH 

| 2C 6 H,NHNH j 

c=o - 



ch=nnhc 6 h 5 

C=NNHC,H, 

I 

+ nh 3 + h 2 o 



<-Jt $ A* V <iSJ C—2 OJI^I j_LJ J1 Ojj'JjVI 

: Amdori tJU liA Jtlilil 
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H 



n 



• C=N — NH 

t 

H — C— OH 

I 

R 



6 h 5 



Phenyl hydrazone 



Sjltj 

Amadori 



H 



H— C — NH— NH 



6 h 5 



c=o 



R 



H^N— NH— C 6 H 5 



^h^nh.. 



Hr-C— NH— NH— C 6 H 5 






C=N — NH — C 6 H 5 



H 



C— NH— NH— C 6 H 5 



H 

L 



NH 



C=N— NH— C 6 H 5 



R 



C— NH— NH 



R 

+ h 2 o 



HjO 



6 h 5 



H 



L 



=o 



C=N— NH— C 6 H 5 



R 



+ hn 3 

HjN— NH— C 6 Hj 



H 



ON — NH — C 6 H 5 
HjO + C=N— NH— C 6 H 5 
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Hydrozones cjljjjljjVlj c>ljj jjJUS j Lit 

•jjSjKl J Uli^j 

H — <jT=N — NHCfH, 

C=N — NHC () H 5 
HO— C— H 

I 

H— C— OH 

I 

H— C— OH 

I 

CH 2 OH 

D — Fructose Phenylosazones 

jS jm (jA^aUw. LoJaC OSOOCS CjljljjVI Jj LuLa viilijjljjVI j 



H— C = N— NHC 6 H 5 

C = N— NHC 6 H 5 + 2H 2 0 
R 

Osazone 




H— C =0 

I 

c = o 

I 

R 

+ 



2C 6 H 5 NH— NH 2 



Osone 



j * 2 * * i_u^j Oj — *JL Osazone Ij-* j! t j _ - 3 

i_r^j »Jb u* LT^*e ^ 3 a a ,<jjL-a.VI Cil« J\ ... I I 

.Li.i*a — jJLfj tfj. * jb' 1 * A <lcl jo i. gjLill Osazone 

.(JtLUJLi 2j 1 Ij jj 

£\J.\ £ jSJh. V OSJ c— 2 Jn U\j£l\ «u_S J1 (S^ji 

•ujjbj' JA 11 i_>*^ u b^ * . 1 — Dj ^ ul-* 
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:*-J y^Sj\ cUjSomJI JiyA.yi (2) 

Jj--^JI J| Ketoses oU-ji_>SJ!j Aldoses jJVI j- JS Jj-t-U 
.Jjl J! <jJjUo 1VI J^_a_Tij ,Jjl— 4-SjjX-^JI 

y_ y Aldose 3j-dSU _>£*« JS ^ J! 

a«*. 1 I o'ij 'fcS Jl {j* 1 . *' ■ i ! oLi y . ...)l i m _y t j J ..-^.Sll I v *^- |j 

.Sorbitol (Jj— jS-uJI D- Glucose jJtsySJI ^y> ^ ■ » 

i_y»j .Dulcitol «.»11 j J j S • .■ 1 1 D- Galactose j jtSJtSJl JljjUl ^ 

D- Fructose Jl L _ A .Mannitol Jj^.111 ^^Sij D- Mannose 3^111 _>S— . 

. D- Mannitol Sorbitol <J jIaj 3^* !•> d->. <it \ 1 1 

UJjj tQiVj jS ....II * C^y — ft .r» 1 jfct. ill I y> * >1j -^<11 y^iLi^S mil * •■'! J* *4 1 

II oUj^ujl |bUJI 1 jx. 3 . .n -k . Lt jxj .(itol) ^Viit I (-ose) — i 1 31 1 
1 a .tr .a utjj jc Ul .Hexitol ... I I cl*Ij 

■ j yyv 



jl sodium Amalgam ^ii. JI33UV! uL -t 

'f I - - J»US JSiill Jy*.y JU U i. .< •> i ' i -w S 



olkS JA J| Jj-i-oJI <l-> x4.y <J jl — ^.V i (jlj-j— >■! 

.-.V _ 



US 



CHO CH,OH 

| | 

(CHOH) n NaBH * r . (CHOH) 

j H^Ptjl | 

ch 2 oh ch 2 oh 

jjjji 



: CibjSwlI 3* dtLU jJjjI <auliJI CiV ji tfll ^Ixlf 
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CH5OH 
| 2 


CHjOH 


H — C — OH 
| 


CHOH 


H — (j! — OH 


ch 2 oh 


ch 2 oh 


Glycerol 


Erythritol 




J 



ch 2 oh 



H— C— OH 



1 

H — (j — OH 
H— C— OH 

I 

ch 2 oh 

Ribitol 



ch 2 oh 



I 

H— C—OH 



HO— C— H 



HO— C— H 

I 

H— C— OH 

I 

ch 2 oh 

Dulcitol 



!lj .Glyceraldehyde ajUjJI ^lKI I ... tKii ^y^w 

Jlyuj y. jy^-A ijtjJl (jl US .Erythrosc Jly-i.1 <> Erythritol 

pyS.ltfll ^ Dulcitol jyUwJljJlj 

i i.iUii u ys.Ji •* u -lji 4 j j. 1X1 1 .7.1 y ■■■!! jAit > ... <1 ~ ~ us 

. oliyuSil j| jo^SjVl 
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CH,OH 

I 

H— C— OH 

I 

HO— C— H 

I 

H— C— OH 

I 

H— C— OH 

I 

ch 2 oh 

D — Sorbitol 



CH,OH 

i 2 

H— C— OH 

I 

HO— C— H 

j ji 

H— C— OH 

I 

c = o 

l 

ch 2 oh 



CH,OH 

I 2 

c=o 



HO— C— H 
! 

H— - C— OH 

I 

HO— C— H 



CH 2 OH 



L — Sorbose 



L — Sorbose 



iijUVl objJiJI >113 - 3 

.iaJlc. CiOcli jj j Lk.5Lol l t->- < a . » -A Ijol ‘"ft ijC ...II 

; pKa _J1 <. n (JljJI 



(8 " 5) JjAft. 



PK ; 


PK 2 


. < ...II 




13.85 


12.09 




13.24 


11.68 




13.52 


12.60 




13.44 


11.92 


jj^iul 


yUlj KetosejjijUlj 


.Aldose JjJYI 1+eAJ^ 


,<jjL_i.YI .m 11 ~fc~j 



t | % .A j. jj** Sj j ij Uuj V ill J*A.lj j \ l a~i < 1 1 »f. a < jj*v j-u <tj * 7 * ( J-C- {S J - *- ** - - * 

. JjjVI jUU j5L» Tatomerization 

ft <i.jj <Jj~m.ll ft J£. till j jjtljj C.UjJUL <JjLk.VI CjL j'n ...I I i_>« m>.V i 
JUljl < a. <mJJ <— tj& jaJI j < i t~. a , a <-j K 1j LfJ oj J - *> -» j *< — *j— *JI 

mi l J^kJui >»■! <J1 • lip* oljjJI cr^*i 
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(Lobry Debruyn- Alberda Van Ekenstein vikj^i j) lull. J[ i*j ^ 

jjjJlj <-pl— lllj (JjVI (Jjj j ■.. i H A l jjjJI cjEj^ ■■■ ' I j (jj-Hj 

vlijao. < j^jLUj Jlx <ij3— ^ j 

D- Mannose j_jiU1 (j-» Ua-vLL. ul rv » » ^al — *JI — II li_. j jjAl 

<l^£-o olLJl Sjj j ijv^ja— .ij I I Sjj J! — a uLj JJjj D-Fructose j jjS jjJlj 

JjVi Jjj v=- j^Ji <m>ll ola (1,2 Enediol) Jj-a^Vl oils! >1 

F rue - ^1 Mannose j^lU.1 Jl ^ -v “ i .s » cajL* _/vt Iua <4_u( — 

. tose 



D- <lt jvjjj^voJI a i *Jf\ j j i i a 0.04 i <LaLto alt 



CHO 

I 

H — C — OH 

I 

HO — C — H 

I 

D — glucose 



: cjVj-iail 3.2 l> »_ij_p^JI jAjj jj Fructose 
CHO CHO 



= C— OH 

I 

HO— C— H 
1,2-enediol 



- HO— C— H 

! 

HO— C— H 

I 

D — mannose 



ch 2 oh 

C— O ' 

I 

HO— C— H 
D — fructose 



CH 2 OH 
C— OH 



HO — C 
2,3-enediol 



CH.OH 

i 

— c— o 

I 

H— C— OH 
D — allulose 



.jjSl jl (cJjLvt 0.5 J (_5^1ill [j-# jaSjl tffa -la a j Jtli-lll I — nalt j 

4 m 1 “ 1 j < * j-a oljall |/>,i.i JUllV 4 ,,,'V-^l, Vi <_ vl-v IyII I j\ X * 1 1 £ jl 

• Jj- 1 ^ 4-3 j3-2 j2 - 1 uj^ 
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H 9~ ?P 



H— < 
HO \ 


w — OH 


X ' 


L- OH 


H — ( 


oh 




ch 2 oh 



D-glucose 



H — C — OH 



CH 2 OH 
1 - 2 enediol 
H 

H-i— OH 

I 

H— C— OH 



L 




H — C — OH 




D-glucose 

H 

H — (L- 



2-3 enediol 



-OH 



H— C— OH 



H— C— OH 
H— OH 

I 

CHjOH 

3 - ketose, glutose 



I 

C— OH 
L OH 



H— i:— 



OH 



ch 2 oh 

3-4 enediol 



(NCN) xuLllu £a - 4 

Killani - Frecher synthesis 
* 

Sjj 6 j j IjjfLo JjLijJ VI Ce j » > * NCN .XuLlwJI Jfcli *i> 

!> ^Lt jj JcULjJI 11* ^ A-i-jj .(Asymmetuic) o ^ jy. 

: Cyanohydrin 
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OH 



H — C=0 + HCN » H— C— OH 




H— C— OH HO— C— H 




: <a 1DI pi ^ ~ - j 

ol v^J*j I D- Glucose Oxime -Al tJj-a-ij 

dJjj .Nitrile jl Cyanohydrin J1 "Acetic anhydrides" 

. Acetyl ates eUjSj <<j-» »Lo 

Ammoniacal Silver ^Vl CaUI o! £_» J^Ua. 

JjI .jA^Vt j?C m H d HCN (jvA 11 «u*l i *m Jljjj nitrate 

.jSLuJ) J| vJjVl J\ ** d l (>• 
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H — C=OH 

I 

H— C— OH 

I 

HO— C— H 

I 

H—C— OH 

I 

H—C— OH 

I 

ch 2 oh 

D-glucose 

V 

H — C=0 
HO— C— H 
H—C— OH 
H—C— OH 
CH 2 OH 
D-arabinose 



1H — C=N4-OH | 
H—C— OH 



HO— C— H 

I 

H—C— OH 



H—C— OH 

I 

ch 2 oh 

D-glucosc oxime 



ON 



H—C— OH 

I 

HO— C— H 

I 

H— C— OH 

I 

H—C— OH 



ch 2 oh 



D-glucosc snitrite 



cujcUlII j^jJI yuU — 5 

Aldonic vilijjJI J} oj Sjj — A leoses 

:<jJljJl ■ * ■ *^i r l 1 1 ■ ■ ■■■-■ j^ill .ic-Lill l 1 j 
L + 2NaOH . __ NaOI+NaI + H 2 0 

R— HO + NaOI+ NaOH > R COONa 

+ 

Nal 

+ h 2 o 
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uj&t J 



(Glucenic Aldonic djjjJI l ^x*Lx ^ % « ** > j ir .^j 

: (5) liJjj ( 7 ) L.IS ,> LJi 



0=0 



a 



H— C— OH 



R HO— C— H 

P I 

Y H — C 



O + H 2 0^ 



COOH 

I 

H— C— OH 
HO — C — H- 



OO 



H — y — OH 



-H 2 0 + HO — C — H O 



? 



5 H— C— OH 



H — C — OH 



H— C— CH 



H — C — OH 

I 

H — C 



CH 2 OH 



C^OH 



ch 2 oh 



Ulill (jjiiyij t _yiu«L^. (jo < ulil j (jjlj-iJI J j aj j 

Lfi-t j jl tijlj j ^ m iji-oj (jilt jiill (_y£»Ltt-k.V1 1 — ») iLjJjJIj 

+ * 

u’ 0 j ^~ » 4 W* u-* 

^ l m I n V I \j .^»U ■ LjjX«L*_«j iiUjj 1 1 Jl tolj j " M 1 1 JjJiaj 

. o> i i ft. 1 1 liLij j-d£JI J 

uLijoJi s,Uiisyi — 6 

Ajljj _UT. j (j^aLa^.1 (J| jjdJVI oi-^JLI (J ill** 1 1 ' . ■■ *\ 1 ~~ 

JjVI Jj -> - < ll icjAoj o jjLftjjy ! 11 hi ^lli (%50) cJujoJI t _^A«La. JjSjj 

: (Saccharic) djjK.JIj (Aldaric) cJ jloWI ,jjj£lJ 



HC— o 

I 

(CHOH) 4 



. HO— C— 0 



HNO-, 



1 



jSjU cL/ill , 



(CHOH) 4 



HjOH 

jjM 

Aldose 



I 

HO— Od 

cLjijjyi 
Aldaric acid 
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COOH 


COOH 


1 


1 


H— C— OH 


HO— C—H 


1 


! 


HO— C—H 

1 


HO— C— H 
1 


FI — C — OH 


1 

H— C— OH 


1 


1 


H — C — OH 
| 


H— C— OH 
| 


l 

COOH 


1 

COOH 



D- glucaricjjis jZ. D- marmaric <,L- 

D- glucosaccharicJjti— D- mannosaccharic 4^11^ 

COOH 

I 

H — C — OH 

1 

HO — C — H 

I 

HO— C— H 

I 

H— C— OH 

I 

COOH 

D- galactosaccharic j&'JIS. 

D- galsctaric (mucic) (cL- Jjts ^ 

glucosccharic jS ,>KiU Ji Saccharic wiU^. 

jt J j^' b ajL*aJVI j jjSjJUt a t ^ 

j Glucaric aJjli jKJI JL. j— S ll. y;ai} ji-Jt JJ aric ^Uil 

. Arabaric 

Unonlcacids 

<cjau JJ «_d jJ\ Jju.-fc&Jt < — t j — *y+ ».u <— > j-'ii ^oL^V I aJu 
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Ji* JjIaJVI LaJI JULU jjALa^l/) (j-a JSJ (jl (^1 «Jj — 

.Manuronic .Glucronic ,jA*Lo> 

Galactouronic 



CHO 

I 

HO— C — H 

I 

HO— C— H 

1 

H— C— OH 

J 

H— C— OH 

! 

COOH 

D- mannuronic 



CHO 

I 

H— C— OH 

I 

HO— C— H 

I 

HO— C— H 
H— C— OH 

I 

COOH 

alSjjASVli 

gaiacturonic 



CHO 



H — ^ — OH 
HO— C— H 

I 

H— C— OH 

! 

H— C— OH 

! 

COOH 

D~ glucuronic 
D- glycuronic 



cL jjAjblS 



H RO 



\/ 




a-O-glycoside 

Jul— -O-lilt 



RO H 

\/ 




P*0*glycosidc 
JjLwjSL^ -O- llu 
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+ h 2 o 



H OH 

a — Sugar^C^-t- ROH 

l\ 

O 



H OR 

\/ 
\ 

O 



HO H 

p— Sugar ^C^ + ROH 

O 



RO H 

\ / 



c +H 2 0 



l\ 



o 



5 JLuj VI * 7 
Estirs CitJUuVl 

£-« L^I.1 a~. j j >.ill > j.l i j II ^ y -» ,>1 a ~i i a yk-iiiVI 4 ■ I * r (j j 2 -~ 

.Acetate — aJI^ J * ° olj'— ^Vl ajj> ^y* yAU 1 jjjSLi ^jill qL_ i—S^ll ^y* y.i $ — !l 

rBenzoates .Stearates cujrtl*Jlj Proprionate cui jajj/JI 

Carbonates -Jl ol^-uai - i 

Carbonyl Chloride jjjISJI jl OPhosphogen <>*.>*- >J1 ,>141* 

D — Glucose 1.2 : 5.6 — Di-J jj ,oU_£-^l ^ GjUl iijj j 

:D- Glucese - 5. 6 - Dicarbonate ^ jib LiL. ^V! JL>A ait j .carbonate 
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"Acetate" 0M0JI ol jLud - 



Acetic c l_ > ~ L i u 1 jjiLoMJi clil^JI i«L ,Jcl — L_JI ^ 

.ciijii ajj^K oN : a r. l ... • Anhydride 

niLuj 



Sulphonates CxA ^iLuJI & cdjLud _ jr 



"Methane sul- j "Toluene- p- Sulphonates" IjLml cjlJL^Vl oj-* ji-£l o* 

■ Mesyl _itl .Tosyl ... j ~il ...~ ^iJlj .phonates" 

...I jjjus (jj.wjuJl J^lo^ j Tosylation <J j m*ill ^ 
Sj^aj 1.2-0-(l, 2, 3,4- Tetra-o-actetyl) 6-0-tosyl-D-Glucose ojiu Glucose 
Isopropy li- *j I ■ ^ j *• h Tosylation 0 ^ .... II & ^it L . l . * _/\x. 



0 



:dense 



GH 2 0— P— OH 

I 

HO 
OH 



HO — C — H 



H— G- 

I 

H — O 



-OH 



O 



O 



CH 2 0— P— OH 



I 

OH 




fructose dip (Harden-Young) 



-8 

j*> oil) orpji 

(j-i lj J £-* (J_l itAj j jAflJl ^ -LLlJjl t> ol i “ - A ll al* OJ^* 
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CiljIuVlj 4<— k ^ y jl — aJt CjIj-JjVL noj oV^- 

. 4 ti l l <jj |_^L j J-C ^a-^aXj j - \ 1 1_1 1 JULw^l <> Uj^ 

«'iH J~ » ■■ ■ * J. jv A-k . j tltt- V <1 jl u l .~. l t~ ■*. 1 1 jiSl <4 jjjVI O^'-.H y<*t ■» j 

:Silver Oxide bAUl Methyl Iodide JAJU jljIj jjI ^ 



I 



:— OH+Mel 



-» — C — OMe+ HI 



2H1+ Ag 2 0 



-> 2AgI+H 2 0 



<C5T>»iU CiLijS mil 6*5 

.4 i -V I ,^L> Ju* .bjt-aV! ob JL.nl! i< » 1 »* ■ -■ I u~*J 

.Glycal .Glycosides q!jl>. .Anhydride bjL«iUl CiU_>S— 

: Deoxy Sugars <i\y*-±JZ JMII c,LJLhJI 

Amino Sugars <Uli-»Vl CibjS-uJI - 1 

(Jj-tuSj jjifjl ^ul^i jl 1 -■•' <■> 1 Vl <Ojl i -fc. 4 JaAI CjLl jL^nJI SJ^J 

Kj^lill Ji-« <J.j aa . n 'j < in.^ j/j ji— Jl f j — =*• j Sjj— 

.*. 1 X j. j^lJI Jij * Jclij 4 ^ i u jl .Glycanunes o b *1 

al jl . jdl ... Osazone -Hydrazone Jl. 

Cc. a .-a liL JLjJI j^jAaLa. Jc.1 Lj jj • 4 j’u ^A l.a-^ 1 (jjjLi 4 — a. _ L ■ 1 * 

.‘1 i*il . . ..^j j ' ‘f II ( _ > AaLa. JtLLi J. .-.1 »~ .Mi ajjk jjSjjj . 4aJj_ a^Jl J l **» *\ JjJ _ l t ' 

: Hydrazine jjj! jju+JI £ljlj 
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ch 2 ch 



o 



H — C = O 

I 

H — C — NH 2 

I 

HO— C— H 

I 

H — C — OH 

I 

H — C — OH 

I 

ch 2 oh 

2 - Amino -2- Deoxy - D- Glucose 
Glucosamine 
Chitosamine jl 




* i'l l <J^SLuJI ol * ‘ All ■ a A Jjt 4 P> I ftV I 

. j_jjl _A jJI *«'■»- I JK .t.H jlfLII olj j ■ 1 ■»- 1 > 4 I 4 A . ..X JJ.' — ij 1 1 * C- J. — ft a. 11 

; i~.l ■ j'C ...I I ajj k { J_c. 4 1\ I { jm j 

2 - Amino Aldohexoses Iriljju^A joJ I - 2 _ 1 

D- Glucoseamine Ca-* 1 Ji-. 

D- galactosamine 

.N- acetyl ^ ^jJI in.il »1 A • ^ 

Sialic acids diUudl ^ 

H OH 
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ch 2 oh 




H HNCOCH3 

N-aceiyL a - D-glucoseamine 
(2-acetamido-2'dcoxy-a-D'glocoseamine) 
(GIc NAC) 



ch 2 oh 




H HNCOCH3 

N— acetyL a - D-glucoscamine 
(2-acctamido-2-<jeoxy a-D-glucoseaminc) 
(Gal NAC) 



* 2 

: j Ijji jj 

. U a . jJ I (^UajviJI a j 4 1 -m L^i V 1 a jU.1 : (jjjlSJI _1 

Sjoxil) oGjiuJl j acetyl Glucoseamine Sj^ j j j ol-ia. ^J-l _ ^ 

,4_daLLll 

. jv jJl j* All <_a jLail <jj 3JI ajtli : a 

4 1 1 V 1 ■ 'jf' 1 " ' i A 1 ill ^oLu — j 

* 






CH = O 

I 

H— CHNH, 

| 

HO— C— H nh 2 

jliil JS-Ul 

c jSill JSUiJl 
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qy>1 - 3 



<>— tUj LAj )t (j < tin l — iA! aJA. «- "ill jmII 

Cj-*^ j* iaLsJIj (1 >-»JI .^Ui*Jlj 



£J1 dl jAaJkJij jljjVlj jl’vJlj wjj^vo-iJI (j <— a ^11 ajUl -j — a* £-• 

' 1 _AjJl otoL^oj 



CH = O 

H— CH— NH 

I 

HO— C — H 

I 

HO— C— H 

I 

H— C— OH 
CH 2 OH 

C ji»ii jLiii jiai js-ui 




Jb^j^Ji -4 

jiuli Jya % 17 £-J> j^jjjljJi Jjj» O-mLajJ! oL>jSA*Jt SlC. 
(JljjijjAJI A a jjojJj Aj j a « Jt — sj^-AJI 

: JA“ yr-^JJ- 1 ^) 

H — C = O 
CH^-C— OCHp 






Pentose 



H -f-@ 

H— C-,Ofii 

I 

afi, 0 @ 




Furfural 




0 

ul j Jr. ^j. oaL-VI oIjjS— J 1 JrL_ij jJ 

1 0 _4f iiji. viLS _y» ijji* oV^^JOJllI i- jfiS . * £-*• 1 l*** OUu-ui-aj Jlj^yj j__JJI 

. .-.l._ ,<^H ^lil . ij ACII . .LA l 



^ »« .m~» ijjL^yi Cab jSjxJI ■ 5 

jjl— o_* (j <1 | l i.. l ... ~ i Ol — i»i ~IJ CjLjS-mJI *aA » V i 

<}*■& (jj J^jjSJI olji jar. Jai jUItVIj 

Ring Structures objS^ ^il^l ojS>II 7 - 5 

I ii\i j V JiiijJI iC. j a, \4 ^Luibj juj Olua Cib ClljjimU 

: *j .oMxloll (_^ A « i 

a a .. mib .>*^1 J,>1 JljL*jJVI <xj-»^-l li>* ^ jl— |iil fJ-t - 1 

.(Fuchsine ^ jjj 

.-.I * ~. .*. » ^.'V' Jl ill i— Ti > y^SJI jAil — -^. * — il 1^3 1 ale. - 2 

■~‘l IjS mil (ji J| JjAJ dJj |_| UIIJ jjjaa Ox^jiJI Sjl. W m Vl < — ?*J J ” 3 

<— c. j - ■»■ tL» J i^» Tij ^ tit jS-i Jx q jSj ►til j i_>j aj (jjJI i-l 1 " < — ^=*1— ^.j 

■ |< )i f u 5j jJl (3 HO ^ub< (_5 a^ | £-» ma-SjVIJ ojjUJVI 

J k i n^ jjjjl^Jl (jj^j jjbalVI 4 J J| a^ -\ i alia ^rj, *** -* ( j 

t>aa i *1 a. * a a.1 (j- 4 *Lil (j-« 4x»J- ^ a > L alia a ■»— »j <Cj — ? *»* 1 J > - * 

Jjijjj <<-m*-*LUI 5jj (J >i-l J j -i ^ jjJx* <£j« v « £-* Jx^u-SjjJ-jf+Jl 

P llu ji Ot till JS-*i Jx LaJ 4 - 1 jl 5 - 1 jLixa-i^jt (l)Li b . ob^>» 

. amomers ol J»V1 jLtjj 

jjbaJVI J£-£ Jx 1a^ <i4i c»Lj_*Sj a— 6^* ^ j Jl <-*b_^oVlj 
■ i .*■ ■ frA<l 4j|U || »lkcy oils yve <14111 <x»SJI aJAj P J Ct £-* 
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fill-JI jsiui JISmI 1-7-5 

£ j » JtUj lV— uj^f 

u^S* u'jjJ Jj^l • tjlfjl i t . j_4 ji . M l Ij+Jj • HCL jlc. 

— 34° ^Ijjj jlillj + 159° Sjdi Specific Rotation 

.JljUl "Methyl P — D~gIucosidc” j Methyl a — D — glucosidc 



^OCH 3 

c - 

i 

H— C— OH 

I 

HO — C — H 0 

I 

H— O— OH 

I 

H— C 

I 

ch 2 oh 



CH, 



\ / 



H 



H — C— OH 



HO— C — H 

I 

H— C— OH 9 



H -T 



CH 2 OH 



METHYL a - D- GLUCOSEDE 
(a) = + 159° 



METHYL - p- D-GLUCOSIDE 
a ( B ) = - 34° 



Cjljj -Lj Jj <aLJ 1 (^fj L i a " ill (jjj-* uJ^ v? — “ - O 

Tanret L . ^ Y iin dO j J| ^ * 1 .^| . 4 a ...1 . . 1 1 j^c- ofjj j jf ^ a-* 

jxj i.*jli i »j t i-v ■ j. > i 1 .-.i ... 11 jiiLaJL 1 Al l jJ I Dubrimfamt j 

» lj_t * ■tit .~il ij*C ...II 4 at C 4_i_u3 j-k I j-* jJI 3 .** * ~ 1 1 (jlj .elJj 

O* jKll * f ■ t - - jKduI jdt Tanret ^ «~> xjj Ketoses 

(jljjj G JSLwJl Ml* 3 10i.1t i< . a jjli y**^. , v,’i jj l > J ! Glucose 

1.1* (<J j— *J1 Sjlj_a» <_a-j.Aj v_M .-»J.l Jj j! »LLI (j-* (+ 1 12°) y-C 
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«j tlh* ^ +52.5 J^qj {j\ JJ (J c.^ll) ^jljjjJI 

+19 La J*li (jljj J <^.j-1j 4jj!l 4 4__a»jJ 98° {jm jiSl Sjt^pk. 4 :*. j-Li »UI 

(D) LLuj (D) lill _j ^ ^O Jl • <-^-oj 5 _>ii j-ju +52.5° Jl 

. (Mutarotation) ^lifcjl -i JI jUI J*- 



H 



H 






H— C— OH 

I 

HO— C— H O 

I 

H — C— OH 

I 

H— C 

I 

ch 2 oh 

P-D-glucose 
+ 19° 



H— C = 0 

I 

H— C— OH 
HO— C— H 

i 

H— C— OH 

I 

H— C— OH 

I 

CH 2 OH 

D-glucose 
I J-J i 1 l . J . M * ** 

4 1 1* ^ ,*| I » i 

+ 25.5 ' 



II OH 

l 

H— C— OH 

I 

HO— C— H 

I 

H— C— OH 



H— C- 



O 



CH 2 OH 



a-D-glucose 
+ 112° 



>n-w JlLo 4 > —I.' j^JI uLjJjlll (jjjjjJI j 

viljj (>• Uia. Jaoj JjVLi .ll-JJ Jl i-Ajt IfJ Sj j i_~i .. a <jj£" 

.Cjljj u-» 

5 I I CiLi jS mil ^ i 1 ~hj I |>aaJ 1 2-7-5 

( * K .M I J£ 5H*i ,<ita~o CjLJjJ { j * j 

D-Glucono-5-Lactone JLaI^Lj (D) LLu jl LUl 

iLJjJ! ^JJ j ojSI aij Ca KA 1I J VI ULJ1 ^ J* J+f u * 
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(jL L^x* .~iii j |J'.x» ~ ..ill Cijl — =.yi CjLjixxll ( jAt i J-c. klx*L_j jjjJI 

.D- Glucopyranoses jK Ji* (Pyranoses) jLill jji ^Kll 

Glycofuranosides jljL* >> l j^j^KLUl JA. Jl» eab .i-^j^KII alJi_£, 

Lf.^xi.1 xji J Jl— j — * j a— ^ II ^ aJI I j — A I .A j l j jj—xJI 

0 0 0 

Jl. L_xLi. Lx. j_i Mix* ^1 Glycofuranosides oljjLxljjxiji 

. y -Glycosides oIjjL-jSxK LliJI 



: I i5l-w II CiLixub mJlj CiUlxuLajJI 

Furanoses and Pyranoses oU jil jjxUIj oL ^1 

oLji— *U LiLJI LxJj.Jl Jli^VI jlc Pyranoses Haworh oij>* jlLl 
- Ct- ' y 5_)j Lxl 1 LiLxu Pyran ^jl y\_. LxwLAJI <xj^_.^iJI <xL*JI ulx. ^ a ^ 



C 

I 

c 

I 

c 

I 

c 



o 



■o 



/ \ 

c c 

\ / 

c c 

Pyranose 



L. 

/ 

\ 



I 

h 2 



\ 

/ 



I 

H 



Pyran 



Wxlt ,jlU yiil iiiaJI <xxLxi oLjixJI Haworth ijlj* tLjeJ! 

* Furan OlLLLIj oL^lj^iill ^ 4..I 

G * ' 

1 

C 

I o c 

c ^ 

I 

c 



Furan 



,Ch 



C H-C 

\ J \\ / 



C— H 
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»«i^lj tfa. (J| U Ua* <Cj. ■»_->,! ^UJ) H —II joi^qj L.a1c.j 

(D) 111 Vi J _ »-tt*. . l S jj. L v > | II C-CJ - «- , •> , ! £jL_lll <_3»jjj4l A/voVl 

i+?J1 ^ <_x jj^>il S/voVl J1 cii . j ^>1 lj[ L_.t .a D- Glucopyranoscj^.1 

. D- Glucopyranose _ D _ Jl j j$l iLlill 

jjjilj oJ^klj <JtL — ^,*.u oUj^mII Pyrnoscs ciL^u ,_] !£ . M j^z — uj 
ftj j Jjc. Jj— Sj j Jjifil VCj ft jjjiiiUI *-Z-J ^ * jl JjUjJVI <-Xj -» ^ o jl — i-jlj 

jl ajUJVl ca* jI-^jVLi ■< Furanosej^jlj^jjJl JlfUul L»1 i <-.■.*» I VI I (j^jj5Ul 

<*jl_)JI ftj.iil Ji^uSjjJj-4 £-ft (jjjjill 

JHVi AJdopemoses oL-jil*jjJVU Pyranoses Ul 

Lai < Lii ft C^< Cj oljj Aldohexoses ^ Ay jJ ^AJ dll j^c 

,l|XU^ j JILCL. C 4 J-t 



Aldobexose 



ija*j)jjjjJI CjljjjJSU ^u La-i Jl ^iUll u. j< jfJI 



4-> . *tij ^.^0- Vi <<j _uL* jJV I 4— -1— jg«l J-. ftaajl CjLjS-tuJI ^ 1 *A ^ ‘M J *_> 

ttLa-jl j ^yA j-i^». ^Jl > 2 ^wV Ij Pyranose j^jl^\uJI j oJJj * Cj cd jo 

^jJlj < i i > -11 ^ jLi. uj^? is all iS^j^JI *-j_ a. j oil < Cj » j j j OH txjAxa 




.C^-Cj CiljjJI i j« ‘ ■“f 



Methyl a — D — glucofuranoside 

: JllJI JS_iJL <juuilj*uJi Cuj!L 5L]I ol^j^-uJI f-o" j C f^ * i <Jl 
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Methyl P-D-fructofuranoside 



CH 2 OH 






OH 



HO— C 



HO— C— H 
l 

H — C — OH 



O 



H—C 

I 



ch 2 oh 



hoch 7 

I ^ 




OH H 

ct-D-fructofuranose 



CH,OH 

1 2 



HO— C 

HO— C— H 

1 

H—C— OH 

1 

H—C 

I 

ch 2 oh 



o 




P-D-fructofuranose 



D- Aldopentoses oLi — m l * aJ l * LloJI j a ll.i £ 

. < C 2 IvLC C-mljLmJI <■>!■% 11 <utu ^fi J 
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Other conformational formulas tfji-VI 3-7-5 

jjZlJI 4 -yjjj 4 Lil-t- II VI 4t.» »aj l « ■ ■ rr £ /L*l 

* ^-Li i 4 i ■ J. uJ ' D" GlUCOSC 4. l! I -v 11 4 > l i . ..!! 4 * . *■ V I ■ . * ■ * » 

• jjjj U JS-a1o 

CjIj.Aj 4 1 ■ <i* ' I 4-iiLaJ.I £_i — a ! > 1 1 J oljili £-jlj * J— Jjl all t> 

L»1 £-j1jll aii II jjjljjJl u_uS ^nll <A^LZi\ l u/ljill (jX. olaj^ mil Jx 

: iJUli j US <liU jl Sj^uaJ 4. 1 ■ ol * jU-* 




Pyranose _j ^ySJi 




Pyranose J 



4 i 1^->1 I ftjjk JJ (Jllll Jliilj <^u_^Jl 4 i _y . ^> VL*aLuj 1 ^_W 4 -.1 I ftAA _>jSl ul 

.<j^ula-uJI 4 iU I I fjj jjS jlSD HjjJIj (D) till *lUl 
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p-D-glucopyranose 



4-kll «ull Q 1 ^ I 1 i ^ ^ A 

J5Liiu — ll-u j till (j-a (JS JSkljj cl J£_iJI ( 'jA lao.iLjj ,?Avau_j — * Vl^A-il 

jrjliJI Jl <~^.V> jjjJl c^o^jJLl SjsjSUI ^ i .j! ^J.1 £y> lj- *-* “ JJ— c j\5»l ^ . ^Vi j 

* 

. * *u.u |^c ixuljj 



CiL j^..il I jjiLaJI u t*> _jUI ciLij[ 4 — 7 — 5 
Mcthylation £LilU(l) 

jlc. (Jj — - l_fc I — J-i—lill £_o Jj_£^K]l (Jc-L-ij jlc _ 1 

Methyl (jx. jjlx ® — iau a jjCn (HCI 

5jj Jj 11-~4I c-dlo'.jj .Methyl a - D-GIucoside j P~ D-Glucoside 
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i>. Jib Hemiacetal a-J llj 1 Ljk *« — Ivi . ^ (1) 

■ £-J-»bk-« (_£-ki.t j AjLajJV! . 



CHOH 



O- 



MeOH 

H* 



MeOH 




CH 2 OH 



CH,OH 



. jjLajJVI **• j » ^ ‘ i_iLii ] Schiff * q 1 1 . * ■ 1 X j * jji jKl l J^I-^ » jjCi V — i_j 

l‘X 1 1 aj^ij jjtf. : Mutarotation ai~n ijljjjJI I ■ a. _ 

.-ik ...i + 52° JJ U* l a l~. + 112° i <j1_,jj j .'i . LDl 

[ j^Jk J_la LjLLLij j r ^ ~ i i" . V 1 CjL — i-Sjj ^ <Lt »!.->. II . 1 1— ^ yiJI 

• ijL J iSl 1 1 J~> J - '/i 1 1 j*Jl . I < i . rf-k La— k .~.l . i .--■- J*'. iV^ 11 jmi ^b ■ J '~ . 

^U^VL l ukVi l q ‘XI _ul I jUl al~v* Jl-k^VI ^Li. 1 j ‘.I .*• c>b — i — ■ VCH _ j 

. < bill 

* * 

■ £— * LjJLt-w t i ^ la » j — — A 



Haworth j Irvine u H±ii\ (2) 
(_£ jlc. 1 1 .U,^"w^o j _U I < Li sZj\ ~kj Haworth *i>jI^A J a> *i ** jj 

. < L 1 k k -ft - " ■! ft" <aLlA 4 +|£j jJLtf 11 

L$J < ih ill i^j OjJL* Cj** vT 1 ^ LfX.*il>i ^.ll l Oj^IaJI & ki-A ^jl 

^jMI; ( __ h o-»Li. ijj^j Jj-iil ^Lj j bX -* ■ <*—£ — — Ij-— *— 

< al I <1 -..l .-II Jt A «1 .ol jjk£. klL j klX ... X J*kJ.4 (_jAaL^.J kJ jljJ-K ^-Xj k _ kA 

^jjJojIj u-* k_ij . ...j CA^bJI ui"** uJ^ JWj 0>^> ^ ^ 
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a-UJIj 1 af i dlJLiio ££iUl JjjjjIS _ 




ch 2 oh ch 2 och 3 

Pcntamethyl D- Glucopyranose 
methyltcira-o- methyl- a- D-giucopyranoside. 
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ch 2 oh 



CHjOCH, 



CH,0 — C — H 

■* i 





Dimethyloxy succinic 
ascids 



Periodic djjj _/-dt aj-mS VI (3) 

1 l s * ^ 3 ■ oLuLj Hudson Jackson L^. Lr* 

j L«S .~.l ' ' ...j ^ iM^ll jMi. cil j j 
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ch 2 oh 

Methyl a-D- glucopyranoside jjLuJVI 

^-*1 ^ 11 LxlfJ j JjUoJVI 4 8 

: J-'ii Jjlj4vdVI CuuLaAJI 




ch 2 oh 

Methyl a-arabinofuranoside .uUjJVI 
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Oligosaccharides SjjoaJU uL jiuJI 8 - 5 

■ J! joc. ,. L a JjJ%. 1 I ,-.l ,„l l « „.»*■*■ 

Disaccharides <LuQjJ( cjL - 1 

■(jjS^S + jjSjK) :^uu 

,(jS&l\<L + jjZjZ) Ul_^ 

+ - £ 
jjeb J-i-b I ' cs.>^ oL_>£L^ - j 

Trisaccharides <LuMUl Cib j< 'H - 2 

+ jjSjiS) _ 1 

Tetrasaccharides iucb jJl uL jWII - 3 

.(j^LuSjiS + jjjSji + - ' 

^ »** 10-2 jt 6 - 2 Ujfi * 1 1 ^ vIjLiS^I ( jJk a Jj -i ^1 1 iZjL* j*C a«J1 

Lj-jLj >..ki jA » ► U oiL Ci,u. j< ,M< j^, IjL <-U.i~i j <> 

0 0 0 
'. i-JljJl iuSU L x/i i tl*i-k3 ^ j. t IjJ IjAc^ 

. Xl .l 1 l. ^C . M<l l CioulI^Ji >— i \ ^ 1 

LiJlJ c>,' i »..j£-j M fUl clajl^ll £_i_^o — —i 
. <j j L^-V 1 j je. j — £ 

. ii ^ II ojUVI oLjS— U ^HJl JLlI .. J 

A_uQUl Ci Li jSuuJI 1-8-5 

0 

Lk^ulUuJ Ivaj Jj ^Ij^I-mJI {j* <— XilojJI »** l l 

(j-» jj (9 - 5) JjXaJI £~u3JJ .CiJL^^MUI q^I (jt b - ^- 1 V 

: cjlLUl oLjS-JI 
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* l* t ‘Ai i cjUj<: n _ 1 

. U jl-%-1 I yvc. iilljill --ll — s * 



(9 - 5) jj^Ji 



^LiJi jl*jl oU 


..>11 


^iLiji j <~ji 

c 12 h 22 c, , 




: a 1 j~ A. 11 qL> ^L..J1 —1 


j A>£ + jj&j& 


Maltose 


(1 




Lactose 


jjSiUI (2 




Cellobiose 


(3 




Gentbiose 


(4 


:^vis + 


Melibiose 


j Jib J- 1 - 1 (5 


jj^>* + 


Tura nose 


(6 




: iJ^LUl 


jML ullj^i **ij) *“ »_j 




Sucrose 






Tehalose 





.<_u»-a 1 iijLjjSL^uJl ijjaJlilj . < ■*. ['■ il l .~. 1 i j^ ...1 1 JS j \~ l 

jjjSL^uJI (_^c^k.VL>j < >» i ol.i * ... * i* t'A!l . ~ . 1 ,..tl j 1_ ,i . ~i_ r. I ^ a tj 

■ (_5_>£-Lid! l~i 1~ 1 .'il l j L\ >*x ~ l ■■■'! a i M llj 

JjJ^-1 <V-Jjlajl j Jj— i-j— a-J Lai ,w-»-i 

< L . ^ — a Cellobiose >1 * * l « d I Lai <^jULI d * ll ^l-v » < — a, ..* — ^ j 

. ^lil j^lLJI 

< — c. j — a — aJLl LL jjjI < > j ~>*» S/^oVI a J * Jjj $ ~ ~ : ^ > •“ j< iM< II 5 

.(jljJI <J jrva^j VI Sjj £-• JjVl jiuJJ * 1 1 i II 
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'■ La iZj 1 1 • ‘ ^ _ >/ rJ 1 4-anl^J A 1 J 

. j' li il l j,*'- • •■ ■ 1 _ I 

- ^jjIUI j 5Lh . I 1 Ciljjia <jjji-L (jA^L^JL (jjl-ll — — > 

£jj < — i j — *-1. xZjLajjjV Li ijjLu-JI j_£ — . 11, 1 J Jj—tj—j—ll jljj.l_ll » - £ 

,\i^ p j\ a UJl oju^. 

olj Cjl — i.1 'll Li jfv -M j:. .Ill] -al l. ( jjUk! J ' ~ 1 1 <Jj_liil _ J 

^yo a J Lfl. ~L .ij V I a ij JjLbl -jLlII _Lk»l j£.jj ^ya Jjill 4 fl > jla i i il l 4 r j a a 

. i ^ .An i £_a CijUiVI oLl j5LJI Jb^il ^ iflX 4 _SjJ|_L 4 a . jl-J I a \ A 



Cellobiose j^jb^iuJI 



U* i>* ‘ jj b xull J^l£Jt J\£. u Mll JLaJiJI ^y> jjjLji^JI jj^Lj J 

^Ln Jj *a i j*L. “ .Emulsion jl ^joLo_^VLi b j i .^.i ^j\ 




. aj^Jl 4 . ...II ^ ia I -vail i a L t ^LcLi^Jl 




4-0-3-D-GIucopyranosyl-D-Glucopyranose. 
Cellobiose (UJI jS-ui) 
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Cellobiose ul * J1 j ^ ***!! oJjj 




H OH CH 2 OH 

(Cellobiose) j^L-lLJI 



,^Laj jl > j _ a ^ i _ft U A < — uLa-i jj j^iL. jl. J1 ^1 Octamethyl Cellobiose 

. Methyl hepta-O-methyl cellobioside _j <G.» J*. 

. 2,3,4,6-Tetramcthyl-d-glucose ^^1 Jjj Lit. ^V1 Jcj 

(Pyranoid 4 h JjSjKJI JjVt — ‘-^Hj 

J jLL Furanoid jl (C4) jyU>. Pyranoid J< ■'■■■■ ujSj Ul ^LUI 

• (C S ) 

t-Lo 4 In ».«bj yC Jl S ,\ m . iiT - Cellobionic acid Jj^jI ul * Jl ^ _> ^ » 



tilj dr“ uJ^-y <jl (jll j «- jSI I <-ij ^ jJI J-o 

5 jj^ <->_/^^jVI |j^J_jl£JI vjljj ^ <J j~ % 1 1 ^ 1 -I aJLI Jvj (jftd_>-£jj — » 

.Jjjli-ft ,/\£ ‘(2 f-*J “jjj J fj_> 

>*£• JJj^j a* J5lj Jft SjiCw 

■jj^b jjUUI JS Sj^u. 
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sucrose 





a-D-glucopyranosyl (3-D-Fmctofuranoside 



Lactose 

j£-uJI <ilc liJ » J < lli'i^J jl$ Cxj *Mj ~ -»-N 

(Lactase) jxi£^UI 4 ^ - 'j* <11~k~ ^ .A| II < >l»r. . J j* -- 1 1 

,<j jaII CkloLLil t.> LU I j jll 
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oljjjLa — A %8 - 5 IM >j dll Ii Ltl^ (j . jL~v II j^. ~ ».. £ ^LH J — a*JJ 

■ f i ~ 4 dar J 4-klx J^j_wa_aJI (j*k “JJ «j— J — <J1 <— * ‘l*w %6 - 4j i^. j l G l 

P-D-Galacto- a-D-Glucopyranose <!•>. al^t <> _£-JI Ioa jjiL 
£»• 4 . '. ■ .- . i v J *\ j 4 « 1 1 jJ I (J ^a-— >-» i - i j ~> .pyranose 

.(tUj) P (1 — > 4) Ja <JojIjJI aAAj JjjSVlUl J-a JjVI 6jj 

■ JjaSV llxjj j^jjSV till liAj La^-klx J j .a\ II t j 5 La ) jJjS^UI [_jl — C-^JJ 

Jl iiL^aJ < (J jj-»xlJI (Jj j i_jJI djJfcUi Jj-Laxj jjaJI <Jj-J — aJ.1 I ^j-a La-4 j 

"Phenyl hydrazone" Juiiil "Osazone” jjyU-jl ,^+i dJj 

< j \ — S* jKil : 4~.t~.j *c a JJ Lactase j*ojjyij ( _ > AaLJL> LuI_a jj ,~ .^^Lll JLa_jj 
C ya- .(Oaszone) jjjLaujVl j£-“* j-*j Gj^^^Ij 

LjLh 4x jaa-i r oL jllJI <LujI^j j* ,j< > 1 1 j .Oxime ^ .nohydrin 

j 

itj — A ~y a JJ 6 J — ijl JjLkaJVl 4 — c. J — a-j a Jj -y jj.t .<^1 J — G ~j I — «ok J 

l— j — u ^yi f\j ij L»S .(Lactobnionic elj^jL^jSV (J-q-aI Jj 

i Lijj ^ ^ Cj* > ^l^Ui 4**^ > \ ( p-Glycosidase) j I jj * 

^ a 5 j i Glucose B — Galactoside m \A <<« ^ j*1 1 

iiA_^ ,>• ebi^j UL^J. ^1 1 _P Sa_a3I JjA j\ ...I I I JfJ jjilj-JI 1 I JLlI Oj - j V i 

Gj^I 



jJUl 



: J> 

• Lijl j».* O ^JI J l A A. W l (D) (jA jLxj) Ja j *k -al l t Gk 

G* (Ljj-AjiVl) JjVI Sjj JI—kAul 4- -> j * > * > <jXj — ai jGK Il a_/waVl 

»- j j - k . . (4 < — 1) 4kj|^| .4jjtiJI SajwjJI l y* 4j»jIjJI 5jj S.i-.-k^Jl 

• Lill j^a ^l^dl k T Jjjj^Jl uj$^ 

j U»~ . 4 £.^a-j a Jx. ^ .j Maltose JjIILa jjyi < L . ,.l j_> j<i ...II 

: ^LJI . iX JvJl ...tli oLa jixil a la ijja J-c j <Lfj 4_kA>LaJI ol * ■< ->' ! 
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Maltose (a) js-ui 




(ijjjiiui ijutf i) iiwijJi 

^ UVin^jV 1 jl 4 JojI_>JI jl < ill* mVI <iaj|_^Jlj 

(_g J j- LUl jjjHim jOjj lil • V~bJ1 i-jjj ^ (JjVI odaJI ^ . i A j ' A > _ > 

a-glucosode 

Sjj j ts^-M lh (1) f-*j 14 +j J‘ ^ -**j 

.(4 *— 1 UJ1) (^^Vl (4) ^Jj 
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Isamaltose 



6-O-a- D-Glucopyranosyl - D-Glucopyranose 
i Amylopectln — llj <j < . _i* lili j — 

Oligo 1, 6-Glycosidasc (jjaII j 0*L® J 1 ^ jjl 




H OH 



Melibiose jb JJLI 



i — i \ * > 1 1 1 ^j-i lii 1 1 1 Haworth ^ Lj 



Ij^Jj O-a-D galactopyranosyl (1— » 6)-0-D-glyropyranose 



Ij-A ■ JjLajJVI 1 o yLt LilJ Li Jyifv.1 j_,l iU* .-.~ oj 



j— — iVI ^ — a Raffinase jyjiyi ^yLiJI y mil l Jc.L_aj < — — > Vi y mil 
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Turanose j^jjl ^»iil 



<Jj . Lfj^Lc-Lij jj-lix jj jS-l* <-tj 4 jLt yjljuJI jfLuJI Ijj* 

jLxUI i \j ujQj .l-O-a-D-Glucopyranosyl-D-Fructofuracose 

Mclizitose Jj^lj yiiliJI jSLJJ ^iUI 





2 . ciUjiuJI 2 -8 *5 

tJljJI j SjjSji.1 4 »- ul aJl j Ijl .*.~*i 1 ijiyiiJI oLj< j-gil tj-* 

(11 ‘ 5) JjOaJI 

oLjS-JI 



olij ilf 


CjIVill oLjS-Jt 




liyiai oLjS-J» -1 




Mannotriose j^bi^ut 


+ j»A*L> + j>£Vi£ 


Robinose 


bj^b + j^b +jj2£V£ 


Rhaminose 




< ^ 1 1 v f4Jt c>Lj^ «**ii “ 2 


j„p£Vl£ , jj£j& 0 ,£_£• 


Reffmose 


. jjS^K . 


Geniianose 


. jjSS> • 


Melezitose 
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Reffinose - 1 



j 0.5% * ' ■■■'* l j oLjL^iJI tlili ^ u-*5Li 

tfJ < : *i* u ^ ~v ni i 

D-Fmctose J>-S (D-galactose) c3.i-^j <> j 

• UJ^ (J^l) 

0 

jj * ‘ S VIUI tl>-0 jji * <X»1— S Sjj—i^uj l — ill » — u l — a±i£.j 

^-i-alaJLl jl Jx (JjJ * ■ J*C ...II CiljLi^xIl *Uaxj Jx _^JI i— xilfLiil ^J_X (jj 

512 Jailjj iiu < j__^^ 1SJI j 

1 a 4- J tj Ilk i*i_)-) 1 SyvoVI u“ *‘‘ 1 jj. ~ ill £j» jjS j K lI (jl ^ -1 — ij 

JII ^UUl Jla ^Ua^jj jj J i S 'J l£Jlj uU ^ 

: 0 (jiLiill t.i.i.’C y%J1 ^yt. ^otiJLI (jiLll ijla^ll jjl L»£ i Mclibiose j^jLj 

: < i n .All (jjbt.1 JKlH - 1 

(Raffinosc) (jjliyi) ^ 

i HOH 

(Melibiose) (jji^ J-0) jj £ j & + 

:Sucrase m il 4 1 ~> *u(^j jjjLLI 1 . % . i ll -2 
(Raffmose) j_££Vl£ + jj£j& -^- 

i HOH 

(Melibiose) jjjL JJJ (jj^VLS +j^^K) + j 

: Maltase ^Ul JkUl -3 
(Raffinose) jjiSVlS -^- 

i HOH 

(Sucrose) Jj ^^H (jS&j* + 
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CHjOH O CHj 




H OH H OH OH H 

galactose glucose fructose 



melibiasc sucrose 

O-a-D-gaiactopyranasyl (1 -+ 6)-0-a-D-glucopyranasyl - (] -> 2) P-frucofuranoside 

Raffmose 



* -A - ® — 1 lju j a i j ^ .UJ 
■ 153*^ s) Lj£J! j 



MelezitaseJ^Iatj ^i.1 - o 



D- Fructose jj ^ jij D- Glucose .£^1 11* uj£L.j 

D- Fructose Glucose j^S^iSLlI »jijj < ^ j j ^ i «»H ^ 



:Turanese > <ci 




H 




H OH 



O 

glucose 



sucrose turanose 

O-a-D-galactopyranosyl (1 -» 2) O-P-D-frucio-furanosyl 
(3 -♦ l)-a-D-glucopyranoside 
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Gentianosc 



D- Glucopyra- ^ j (> ujQj (Gentiana) c*6LUI ^ ^ j u^jjj 
■1»jj jj bSA j .Gentiobiose <>U> a (6 — ^ 1) LD1 o ju- m ^ j u l ■> . <1^1^ < Ww j—* nose 
. jjji-JI j L<£ 2 -» IB j a SjvoVb D* Fructose Sjl ^ jj 




glucose 



glucose 



fructose 



Gentiobiose 



Gentiobiose sucrose 



; 4 1 Lui 4 



— Ijjj pjjjVI <jJI >-JLi — ualj < kxl.~wJl jj-0 J^~UJ JJj— E. Jkj 

(Jl a »~ i. ilj j^,VI .lYr-j < 1 \ 2 fuiii i y^S^JSJIj jjjSVlilt (_11 

(_£j — =»1 0 j — a 6jln\ Sul — t|j < UL~k~, j NaBH4 

uIulmVI (Jl «t " (acetylation) < .*>'r* -a»l ^z A «o <1 NaB.H'i 

: cjLi j-. *55G oi (acetic anthdride) jul^u^t 



2, 3, 4 ,6 - tetrametliyl- 1,5* diacetyl- galactitol - 1 
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OJJJ. l J U CjLijS-UJ±l (jJLIllII LJLoSjJUI <LuiljjJ d Ia«~ ...H 3 jiaJI 9 - 5 

: oljjSLuJI oj-fJ (jLLjJI OuiljjJ cJIUI * ■ " - ..~ 

< * J ‘ h tjt liLojljLo <JLjjJqJI ftjjb : ^jAalaJLi ^jU. 1 (JLkjJI _ 1 

.<iLvJI ai^Sj 



-uIj I £_« oLj ^ m il <-LoL*_o ; Acctolysis ^.i*L.n VI I I _2 

. (1,6) 5_^Sfl j < i "Acetic anhydride" 

oJla j S j j — jll jS-^JI Cjt J— a. j j 4 — il -a JI ^ — =». J-c. ^_a j_ ,_-.ll _ 3 

. ■ **' I . . . \ t 

,Lj1j ^JAxld Cj L. J ~ *- ■ ■ . 3^ i OL_l_t_LaJ I (3 ^ — a pljj ^ In i , n t 

* 

JjLjS-^iU ijjLi. JlSLil£ t '*■ t ‘ n. CiL ..ill ajjh j-nl J ^ J— ijj 6 

<J jliJI ijilli < — 9 — JU (_J j — a.Vi 5jd » ~ll ■*■' ‘j^ - -It L>‘i v> <j jl -a.Vl 

•*i -bll 

* 

^)Laj_yjlj (_^oLao>.Vl < In ml^J LuLa 5j.i-.1l ~>U pLij^-mll Jlij JLlC 

tfl a~ . J *| C^V> JL *** jJ^-* 

. 1 jti\‘ jjjJI (glycans) 5 j j.xll.1 ...n ij _a — -«j 

t^y* tJlj-ij .(Branching 3 «<*>* t ") <4 

* IaAj 0L1 6^jh 



^Ij L_iiJl t 4 -la j : (Homopolysaccharides) ajqi-dl oL^.Jl _ 1 

.Ui ol^>j 3 - 

jl (Heteropolysaccharides) <— iUii! J\£. .ah — 2 

< ? — ~. Vi l "Hyaluronic acid" J5_^ 

.U«l ji\ 
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Starch UCUI 1 - 9-5 



oLJ jijJI jjjulj ILlLuJI j till 4 lUl ■ ~ -t- S 1 plj.l ._l»jjjI£JI J-Aj 

j j IflJ I A ill .-jl m\ l^j ,qJ| . ..yOolll ... j^jl <6j Ail .£AaJI .LlJ J * *"> l-Lll 
<j^la _^JI i i . ./■ »_i}ll^l J[ J^ml O^iAu jl <jjllj Jlil 5-La. J^i -1 i i — ualjL uL i — Ja 

iJJjlj (jjjjilLo 100 10 £ jl JLl .*n~v jtb^oJI j ■-.! m-v II t}AA I. tl~ l - l* I J . 1 j i » 

Vjjj Vj •' T ‘J^ij 5L1L 1 j . r>-> « ole 1 *1111 * tl~L .->.11 jjl — noil ^ya l — fl K * 1 1 * fll. ll . 1 

Ai Uj v_iMi *LM j L. ^ jJI Cj U -. 

L^jLi^3o^» jIaJI j% iua Ca^^JL* &jlj— j>JI 4 — % jj tLIL* 

cjL> jliJ |j f\jH\ J^l^o »li,L» uj>Ll-i tliLi 

. Oii-i ^4 y\x. ajl^sw J j ^jL»j jil at i 



a »i V A ft u --Ul U Jij SjjJI 4-ii.i,ll ajjl Lt r l 

# 

(_g J i~i . j »-L j SjjJl jl UaUn ill ale. 1 .Mil ( J_H3 — Ll (j-iJoJ 3 Lj — » UalLjJI (^o 

jjl — <1111 jl a j L ^ 45^ Sjlj^k. 4 ^.jj ij (%2) o-i _^i£JI j mi 5>t (_jll J-c. 

<•*1 1 111 (j’lkl <J UJI Cj-« _£-£■ (j^ II Ifl-V* ^ *.*11 Lilli i< V ■ ***'lVI l‘K L,l~l 

. J^Wkll olj {_ya <jil« iJaJI -I* a Jl A«~ ...1 . 

CljJJlII ^IayVI JLaAJpmIj <?.,, tflLi CjLaj^IiL> l u 1 * \ < Vi 11 Jiz> L » J 

: <JUI CjIjSjII tfl ifl CjI j.UA. J-c. Jlz>jl)l 



(IjIm 114J ilkAJlJl ^4^11 JiLii 



Iji J 

l 

jj — jJL* 

i 



^ ^olL JLkiSaJI) oLS jJLI tli 



- 197 - 




: Llull iai^II f-QjJ) 

: i_j jL^jJI j* Lijll ^iti-a-iiil t li >1 1 Ca j< i p.~ 

■ J-ISJI ^Ul JUHI _ 1 
.^>JI ^Ul JLvill _ 2 

• jJIlLiI) .J / > h i ^/l jj 1 ' J . j ***V) wixtj^JI £_a Li_tll <1 a l i a __ 3 

.LltUI CLL. _4 

< & l rv .H 4 luiIj_iu 4 j ^jl^ aZjlj.. L ... v j j^ (j i i L iluJ l j] (1) < “ j 41 jja j ■ i~i~ i 

(3) <-ijjs-Ill LsjSjJj jjjJU.1 Jl juju (2) <-Ij- -v . i l I jl LaS 1 C4 t Cl Aujj 

j<-> <-1 j 1 1.1 j^-i S ji-qVI <-»_iilo J-c. - 1 — £ jl (4) Ci j v jll jl l a*i 1 Liili) <a 1 Li i -1 j*\ 

.6 < 1 J 4 4 — 1 — 1 < ljalll J Cl jjS 

. ^ J-ll j-uJ I J J rv^ll Jl a.al Lj-j-a Liiill t/_g Jv . 1 ) J-a » j lAil aj_ij C. j jL clitA 

: O 1 - i V jJ 1 a J Jll a ja j'-C.jj j-o . i5l y\j LLJI 4 jj jv jl J-C. 

,%20 - 10 (j^L-oVI) Amylosc (1 
.%o90 - 80 ( ji£j^L-.VI) Amylopcclin (2 

2-9-5 

# 

j\ mil ^ jl <j jJUOJ LlLa 1 1 ■ 1 V* I j J 1 l.aSU (_gjll ft Jj .1 1 |_ 11 .*> jlJl till Vll jvl J — S J 

CjjLlajS jjlxj OL-il jial_a 1 j « --aji j cLjljll £jlj <alvll ^ jj L_al j . 3 u- j j. t il l 

<■ i-p-u-i-v-tll . ".I '...’Cjll Jl ml ml jl i^ii’ijj 4_au)jJj jjJ-»jj-iVI 7 UAV 1 1 ) ia < < a 1~1 V A 

j^jL-oSU jjjll-iJI ojI J ill jl jvaojj Sj-i. ^ V) ^lljl <-vuljjj . (LLjjjVI j ji ,_>oual — ^ 

■ Vla- jll isLljl £-iA3J-ej i^jjjl_al^ ^jL-JI j \ ml) (_g jLu^ll i. 1 ^ -Cll j1j£-l j * 1 SjI j f 

j j^l 1 Lg jll .■! ijK ..Jl V j_jl j-t < — 1 — 8 j — 1 — a jfLa-i LgJjUoJVI t_i j jil J Cijiil 

jlj <ji j -v 4000- 1000 j j^v jj j il xi j loLjiilL jjoxJI jS_iaJI < 1 * 1 — * — «j 

jjl.iv J ja i—AJ lIj i . .11 lii va j\X i 1 i ^ l jll 1 jl Civ I A jl J-l ^-ilil J 1 v i ) J < K - 1 .1 1 j jia 

a jgj <_A»j_-vl) jljjVI i-.ilivlj «4 f— 1 IjU ivlljl 

. UlJI 500 J) v_iVT ClaA, j^ Ja-5LJI 
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1 




Amylose (y>Lvtfl) 



<ji5L» ^lxaVI 3-9-5 

J-*- (LiJl) ^ jjSIjj 1 — x Aj l l - V tll j 

j ,/^ljVI * } - ^ ‘ ~ |_f^L> 0 ,/r-oljVI {y> u^S* 

j\£. ,. ii jti H-a i_u£ q^jIvaVI ■ a i ^ ~ j (6 < — 1) till j-ualjl 1 

• s-VJL I j Liljjj ^ii^i JIjJLij j*i^ 1 iijjiio - OH ie. j>i.» 4 jj 
* f 

<jL»b»-a ole (jjjjt IjjJ _>^Ja *j <J jHA.Il j\2. Cilj I .V,)t jOju 

.\_JLjJI o I*. i jt -y 1 o_Lftj|^ <^.i a ^ i (3 1 x J^l*. /w-a 

£ iM<ii 4-9-5 

. , .! I <jJ (JjiJI ^ 1 1 l*>^J I (jjjUl SjA * H l l CjLi jSLlJI f^yA £jjJI lj-4 3*^ '*‘J 

l^aJ) I 1 4uJI (jjSj jJjlilLt LaI-u i^pyi-tAi Jlj a_t£JIJ <jj lj )_-> 1 1 LiLAJI j 

, CjlHLill j j jAj 

It jjj-0 jj£j (jjij^liAVl <jjL1oJI <_i J.i *£ JL lI <j — a . ll]l ^yt jl£ll 4 — t — -iu 

-kjjH (jjJI (>• la^S* J^- <SJ 

. 6 < — 1 <ajliJlj 4 < — l 

|V» %7 (J[ <H I.. H j 3 AjSJI 3 . i— -Hi 

uj^i Li^LAJl (j 5 i* lK>| II <UA «11 j jj_i^_a L»S 

<-C._>JlSJL I i^A-^ oHj j^». t^y* * .*. 1 mn. ^uj JjC. <Aa. lj ot i — i — ■ -■* 

• 0*^S-i (^a 
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(Ot- (till) o'j mj i j . VI CjL*j jj| ck-uul^j y * — >Af II Tlj 

6 <— 1 S/waft) ^ ^j^JqJLI myiases) 

JjlMI ^4 A y\ I iO ‘jj <jKil <iL1j_i ijt-vjCi V<U 4. l jl I iil 

(\>£» 6 4— l j 

__» jJk, jl £ >HJ ilujJLl debranching __* a.1 oL a j jj[ L> y- j-m vI j 

. a (l-> 6) Glucosidase 




Structure, Biochemistry and Function, Second edition, Philip Sheeler, Donald E. Bianchr. 
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Cellulose j^lLnll 5-9-5 



(jljAaJI j jrjl—i. < ulli aJ,' i -“ill CjLjS-*JI l> 

j idl ' Cjlxt — -uJlj .4. klr>..n Sj_X— a».J * > I t 4xj 1 . ~v U 

<■->. ..uVl ciL^^Lo ^ | » SjaaILI CiLjS^ll L*1 .Zjjjj^oJI L^LaJLI ixa. jliJl 

A-il A-k ]| ^jL»j 5> «.. li a.X4 jjjjj iiljl 1 *11 (JSx^Jlj 5 — ill 

. < 1 ■ A r V lj <a igjVlj jLlxu|j J 5 ,. t . H j 



j n ..ill 1 g k cdlLil 4_kj 1 ’l l 1 1 Sj juI I oL ^ . J I ^j-o Jj. u I I 
till j Cillj J^£- ■ < 1 a u ■>. ,Ci_a_J ajLa J^lLuJli .AjjLoJI 4j tjh j £ja 4 — ■ > . A — *1 jj 

jOaJI j 



4 L .11 I ililjj jAj |<£_^&A J^C. O ll_) '_y^ liu Jklxi djjS JZU fj-» J> A d^A j jll mil 

. Hi i £^jiJ! ^>-A 4jUaLiJjl »!~JX~k jj^JjLaV! 

* * 

\ ^ \ a jjALuJI SjL* ^ Lml A4j1 a j»L. till LM ->. 11 ^ Cjj^- 

V^LAiJI jjljJaJI Lfj-a <j tflV jljju Lj ,A» aj ^ lt~> 4_ A-J SJ * »j jll 

^a Ij ilc. J j t^vkll ^yi aj ^lll I kJLJVl jpl) lj_iA. « xi . o. *> ti j iLi^l — UJ 

• (jij £>*■ U^fJ iwllLlJI 



LaS • ‘ 1 H I Jj_a jjlLJI £_a 4 U t~L A. a a oljjS-A J_C 4 1 . .h-xll i_tl_jVl ~x ~ 

LaS < j^lLixi u a j i II iJXa <jjIj jlj a j^l L iJLt .U t*> x * 

■ Cij»ac j\i. jl^ij CjIiSja Jijj 



,^1 P- D- Glucopytranosej^trtxyS j& Ul-lj ^ JjILJI 
A j-A ■ <_!» h i ~ l a ^rvc. Alj^k (Jxu^A . am P 1,4 * ^ L 'j ■ i i 

dextroms Jl^'ill L«1 . j^ll^ull JaI^JI ^^jUII ^Jla^il <- j ~*» 

^ixljVI oL> k > l~i 7« a j j. ,., 

<jl,Ai.j (S (jjU-1 JJa.JI (j-A 4 jJ_p_a ■*■»* « jj II ••■' I ^HJI k— ^ ^ _/^i t l •! 

2, 3, 1 -yx'kA yjLU Ji-x-xJI 1 1 * «* ■ ( jjJI <1x11 1 j .Cellobiose j^l i il <ml _^JI 

V 3jlLJI (jl L£^_* 2, 3, 4, 6 - tramethyl glucose j « 6 - trimethyl glucose 

* 

. <u$jj l jl *<Q>C 1 lIHaj 
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4-D-gluco pyranosyl-13-D-glucopyranosidc 



jl 10,000 ijlj j\£. <_wjL=>. 111 . - > i . . . M ' iU A. K lA > 

— 4o lt*J ^ 1 4-ln i * _y* Kjjj^ji^ j — ^_5il 

jjlLJ! J) 4 < 1 ywaljVI jjl wJ _ i ~n » 1 Li ■ i j* j Ls_>j »*l l‘i A VJ < j.,< •> i* ^Jl 

.lij) £^ill (j-» lt ^- 8 j Lajjj «tj — k_i (j» 

w^» J[ 1 4 » JJ j » j j I.lJL** iliii. jjlLJI j t . j j i yv^aljVI -Jjj 

(jljJJI LV . H j £-» JC4.JI li-A <iiMj yix. cjLs i >J 4 j — * 

. <-kjl^i-k llj i-uLli ]1 1 1 N LAJ l ,j in ~v JIj Lvj.A-m. ij^SLo 4-i~ 1 j < H 

l * In . Ij . «IL-J j»Aj iLi jjlLjJl j IjjLI ywaljVI J ^>-?-J *— *-» 

j-n» ‘ Ij£. ^ i jji j*v a > ^l_j> 1 i! <j_^l Vj (ct — amylase) lill 

.Cellulose jjld.., oUj^iYI j_>i3 ^jWi ,^111 

4.12 j j - — * . "periodate" oIj .aJ! jjlLJI ^ ^ i,L 200 _iic 

; t^y-a j j^jLa 

^ jj ll < “H J-a*-j j-* L» — 1 

S<a jjlL^Jl <LuiLuJl J jia jM La _ k_i 
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Hetropolysaccharides SjjjOJU oUjS-uJI 10-5 

kTjLijfL**. (j-« Unil-t ^LLI jJI fLial aJJL . i^y> Ij-A J — I ^ 






Gums 1-10-5 



jlj — a JojJLu {y> i ul u Llilj1_>_s| J 'j \ — a iiiVI t_> A « > ,Jj — ft (_y> — i 

D- Glucuron- (^^A-oLa. ( _^c. *Sa-»a*JI 1 $ *. lA »-n 

D- .D- Mannose j^iL , j .D- Galactose j <u_»j ic 

.Arabinose 



: ,j-* Ijl. V .il j-lSI L^J 

.Gum Arabic _ \ 

.Gum Arabic .^11^ LcsLil ^ ^ II _ u 

* 

<Lal^ Sj J i laj(_a <lla i jjc. ArflbiC aLulj^l ,_ya-alaJ 'V-Lo ij-^J 

L.1 . <».oV SjUS J»u...i tsill Arabinose .Galactose 

Aldobionic aL.^.L.^aJVl t L* slLu Ac 

cjL^ll exL-o jj <D-Gkucuronic eb jKj D- Galacose jjiSVLS <> 

. — CL. _jAil iZjVba- j ^ l~kl . j j ^ t j a L ft » . J . . . Jti. i * h i alljSj 1 6 L. A JaUah . 

: l a < ft 1~. A a .-.I u . ..~. ajjjull ClULAI! qL.^ mil Jx. A . 

.Protes glycans ^Llil oUISj^UI - 1 
.glycosoaminoglycans _ v 

%95J j 1 Cy* *jy * — **=. CjI— . — o_*£ £_» j -* ~~ & j a - SJLl ■-■' ■ - ■■ It 

glycosaminogly- _j jl_,ajA ‘(<jy j_y %5 j ,o I jJua 

jl J-lL*uVI ic^-cu 1 j— cl | l — fi l — .A — a SjjS-o 4 ulA. i u a,L. % j .ilLal ^pjJ ! cans 

. Glycosaminoglycans 
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Hyaluronic acid tdjjjoJLjJI jatL 2-10-5 




djjjJUj II l nl'nlt 

i > * J -~.l ij\ ...II 1 '| 1 <jullvll S J TW^Jl jjjiu 

jl^a£ Jjmjj J^oUIlj < -■■ ■ VI j il.^jij - N j 

. iJ-^oLiil yu jljiAVI £jj»j 




OH 

Glucuronic 
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Chondroitin ujjjjjji 3-10-5 



aJo-jll CjI. 13 .jJI J J>. ~i * jij 

P~ D- glucuronide, 1, 3- N- acetyl - D- galactosamine 

£jlll lafJ a..l— -xjJl . ~ ~ j .(P — 1,4) a^aSfl ilex^uljJ L| ua-» » ixxijj 

i— jS jil l+JJ jj t*ji^ .di jj_JI — ^ A j, I 2k. j ajj--w ji.' dll (jt J.l l Ml jlCwJl 

• d£-»l o*^J Oy»1 



.dljJI (JjSIj ^LiS Chondroitin sulfate oliL- oy jj_>dij£d 

• aJjkjS 1>-»1 jjlSVlSJ! j l ‘‘‘■•J 




N-acetyl-D-galactose D-G!ucuronic acidc N-acetyl-D-galactose 

amine sulfate amine sulfate 

Chondrosin 

Chondroitin sulfate A : R=H, R = SO3H 
Chondroitin sulfate C: R^SO^H, R = H 

Dermatan Sugfate _ 1 
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Chondroitin sultate A _ 1 





Chondroitin sulfate Jd is *. ^Jl 



Chondroitin sultate C 





Chondroitin sulfate _u *^jJi 
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j jLu^JlI 

j cJ J-* JjJUtu C«^.ja/UN — iJl (wiiltjj _ 1 

.1981 /C^l <^kJI 

a 1 1 . .. \ i ^j/^1 >j .> J ^ ,_iuJlj j ^-ijl 11 sL-slXJI _ 2 

* il.t .^.1 4 « .L. a j I ^ j^JL 1 , i \c jjjLui 

3 - Cell Biology structure, Biochemistry, and Function, second edition philip 

seeler, Donald E. Bianchi, John Wiley & Sons- Inc. 

Principles of Biochemistry 

4 - General Aspects, White & Smith & Hill, Lehman... 1981, McGRa- Hill 

Book Co. 

5 - Biochemical calculations 2nd edition Irwin H. Segal 1976. 

*1404 j <U15JI <xaLJ 1 jjjSaJ! J 11 _ 6 

.cvjUl/jJiJl jlj ,^1984 

7 - Biochemistry, Geoffrey Zubay, Macmillian Publishing company, Second 
edition, 1988. 
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Amino acids iiluVt ooUa-Vl 1-6 



(_>qIa^.VL> (Jia'w ^Ulj ' » {jC. 4 •_>— * ■ CjljjjjjjJt 4 — mlj J I_illr»1~i 

* 

tj-o L L-mij ^Ua.VI £> JJk 1> J-JwIaJI Ijji (3 JjL^kjuuu 4ji r j (<jij — *VI 

JjJLxJl \ a a jl i\ .u VI JIjJLij il^ \x. 4 -v j ia^lj ^L lxC .l 3^-1 

. Lfl_i lj jia ^ya OulJ-oVI <_joLa^VI ^jJ 1 CjLi^j-U 



<£. jAy a j (COCH) jtfvJI j J_C La^AH Oo-i-aVl {^oIa^VI 

J La£j till 6j jj ifl <■._ mzk .tujjj (R) < i ' *nl in j ( (NH2) Vt 

iLAjicj^ : JfcJI Jii]| 

R 

C— COOH 

I 

H 




(Ca -1 Ull) 




jl i^jjli <al-k jl i <* l Jiaj in j <jjj! a. < L«I “ t (jj^j J — » ; R 

: jkjlXll ( 1 - 6 ) j l$j-o j Lo^j i^ ilai I I uuS v aJ 1 



: A i\ l-a VI (jota^jU iLuLUl A mS JU 1 olii^i .11 1 - 1-6 

; <L 1 x CiUA^.iL 



1 j j« 



■ 4 i* llUll oil f.J ^r\J I j 1 IAJ_ 



i£- llJLA — 1 



y 1 1 j 2 j| . ot LLI1 ^j ix i j (ot~ amino acids) lill ^^oIa ^ VLi ^ a ...j 

(_>AaL^JI Li , 4jJj_mS^j j£Jl <£. j a^..1I Jj*j JjVl (j^jjSJI aj j-> 4 _Luj — o 4- j \ i — »V! 



(ot — amino acids) Lilt (_>AaLJLi ^ a odjv'-ll lj - 1 >aVI 



R — 1 U If yVXJ uaJlj l ^*» t lU j 4 jojLJ 1 4 ! ml i.ill (Jjj 4 jlLaVI (_jALak.VI ^unU _ * > 

4-jjj-aVI (jA-aL-Vli ^L aI jjAjoLk jJ£J 4 jMj J a «‘mii jLiAA-Vl (_>o _>— *J — J7 

: _j JLH (Hydrophobic) *LU L» jt£JI LJoill j^L LaLJI c,lj 

.(Phenylalanine - Phe) £*:VI JlLiJI - 1 
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. (Mithionine - Met) - 2 

. (Valine- val) _ 3 

. (Leucine- Leu) ca— - 4 
. (Isoleucine- lieu) 

» LaAJ i_k-ijLaJl < I . II 1 . 1 1 <Liir>t . ClLklll <_kju_»V I 1 a-. yi | «i 

• Ca-» 1 £aj <jK oLLao olj ij-4-* 'Ca^VVIj ^ ... ■ M^ll 

Classification of Amino Acids <Li1ujVI ^h..5“ 2 - 6 

: Jx. . U k ' u ' i Lr oLaji.Vl jvj-uilll Sj-lxL* j^L ( J.a.x~i.au~i 

' < ■ * * * 1 a! *Z». A j ~_y* A > j\ -k-~ L» _ 1 

. Neutral Amino Acids iljUi. iyx«1 _ 1 

. Acidic Amino Acids iyjk-Lk iyx.1 _ 2 

.Basic Amino Acids Laxli <yx.l _ 3 

1 <jjl it i*C 1 1 L| jX.tiln _ . j 

.Aliphatic amino acids <^UjJI <yx«) 1 n*kl — 1 

.Aromatic amino acids <y.Uxl _ 2 

oj/^ 11 <_>Lt - C 

sulfur containing amino acids oj/iUl Jx ^y,-^ L.V^1 yjUa.1 - 1 

sulfur not containing amino acids cu yill jx ^yaJ V <yx.l y>U*l _ 2 

(NH2) iy^Vl ix ^ lj (NH) ji-VI j - a 

Lki^yi jjAL^vi ma 3. j : <yx»vi ix^xxii jx t^y^j - 1 

. OH puoline CaJj^ Proline L 
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R £J-nla-LI J^C. jIaUiVLi <dllll £-J-oL*di * ijj .VI jjoL*i.VI jKJ- x-n ., Y t (jSL*JJ 

' d i tkil | 1 1 * f | i-«t j 

. (Hydrophobic Non polor) J^kill R - 1 

. (Uncharged) (<i R - 2 

. (Positive Charged) ■?!->, All o13 R - 3 

. (Negative charged) <dLJI V** All olj R - 4 

: a ji>~ _/x. R olj <jjj-»V I (_^ci C-a. V I 

lyOi ^knjVlj ; l|. > »J < ul_i JVI .1 — iJll olj t_y£* I ■» ~> -V I — 1 

• CaJjj>1Ij il/jVVI 



.(jlijli ^Jlj (jOVI ij llull 1^-L.j '. 4 j$LuL»jjVI «- t-»l -v II olj <-U-k-*VI |jo Ua .VI — k-J 



( I -b) 

luLiJ l /x R £x.L*JLl 





H 




H 2 




Alanine 

Ala CH 3 - 

89 


-C— COO 
1 

nh 3 


Proline 

Pro 

1 15 


^ C \ 
h 2 c n 

u K / 


/ coo 




+ 







H 



Valine 

Val 




j ?- 11 L>j 1 1 ? 




ujvf 11 1^5 
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Leu 

ujjN 131 



Tryptophan H 
Try 



ojjJ* 204 




131 



ujj I 149 



( 2 . 6 ) 

<_uLUl R ^uLvi 




OjjJ' 25 



181 




S j&a 0^1132 

ujjJl 105 
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T 







C 



121 




Q 

i^;^' uj^ 1 1^6 
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( 4 . 6 ) 

^ <1-^ JtJI wlj < a -Ifc Vl 

cJLmJI <k~fc .tj I olj R ^ .^1 -v.l t 

Aspartic acid 
Asp 
D 

uj^ 11 ^33 



Glutamic acid 
Glu 
E 

i^J^- 11 oj^' 1 47 

. Essential amino acids i^L^Vl <^.VI ^Ua.Vt _ 1 

.Non Essential amino acids <j-l-L-VI s *. ^Ua.VI _ v 

iilxaVl (joLajkyj 4 jjIj j-iiJI CjUioJI 3-6 

: <jbj jJI - 1 

: J | .lit LjjLijj ■ * » t i t a . . * iii» V 1 ^ U a.Vl ^ j m ij ij fr+j 

,»U.l J (jLljjJl Ou^y — 1 
. J^l £ (jLjiJI <Ui j\ vJ i; V ylll o^L^VJ - 2 

I ^ ^ - 3 

l ^oLa^.VI (QGWIj <££^b**j^ldDI Jj— * : »UI ^ (jGj jJl <— u — 1 

till 4 J&\ ajLJl »UI ^ &_di ^ aJl .la-*. i-A,— ' VI 

.^LJl 
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: j <J-*^ <- _ >> _ »- * V I jj^iU-a-VI - 2 

aj-A (jljjj i — ^.jJ i-xtla^j CiV j— • tXII j i jjj — »VI (j^l.ifcVI i ‘ tj Vj 

J^iJI u «caJ Jjd\ VI jiUI J^JI j VJ j^ Mi ,1+^iUlj V^VI o^U^VI 

. <Jjl»jll * n i. V I ^gl^ ^ Vl <j-» ujJjJ 

AC.I_j5JIj <ii aJLI 1 a. -k.V I (j 4 ol_C Sjj irti 4— kli — «Vl (^joL^a-VI <_jj jj — 3 

l_roLaa.Vi j (jlj j jjl JJj j jjllJli < ( _J>Ll^.VI ftjjt ^M.1 OJ^ tf- J ■ * jOlj 

<ojjJiil ^-v V) I syiijLI JjJL^J.1 j . .j n i .(Cystine) (j-ilj >m»ll L.1 

■ HCI liL J jJSj J JLA^JI Ji. 

: "Melting point" jl$-uajyi - 2 

U-=»J — i jj j» 200 J. J_tl 4<Jlc. oLi.jJJ < UJ .VI [ja l a ~vV I v j ~i > 

■j.300 <> jiil ^VLJI 
: Jlitl _ 3 

: J[ ■ ■■■■—- <-ii_i-»VI n VI j. *** 1 1 

. jH lr> 1 1 <*lJt < Li i-aV I (_j^i La^i. V I (I) 

.SjLJI <^.VI ^l^VI (2) 
.5jll <_ili-»VI (j^L^wVI (3) 

l lj tJlj ((IAjWIj M^Jl jj- 4 Sj l^l l «a .VI — 1 

ilfJllLai f j lal l L-.I . jl—ij-IjJJIj H j 

.jl.il! Sjj juijVlj Isoleucine ijuujJjjiuVI l n 
• <jij Oj^~* !-»■*■** yjlll <-.j..Vr ajlc. < t*i l.V I 1 _^qI .-vVI j jSj : (jj . . III _ 4 
. SJlaa iCilj JLt (JS.iat ^A l a -v V I tjjk * J».S itt.ll — 5 

: ialxaVI ^j^iAJI Jal mi’iII - 6 

(J| LLloJI IdA J^ijj >|j<_uo^l^JI Ijx. Jadu < jii ,.V I ^U^VI ■* — aJ 
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sy- “jj JJL*j V .Lfj-iS jj j iLL.HI j^i. (j^>jSJI Sjj j j—yj 

Ll iL * n i ^ n > iLillj <Dj L bC 1 VI . ‘. . t v j ij < 1 .1 . i m 

: Dj L L ilr> (j-4-* LLl l«j$ y<«i^* u^l 



COOH 

I 

H — C — NH-, 

I 

ch 3 

L-alanine 



COOH 

I 

H ? N — C — H 

I 

CH 3 

D-a!anine 



iLUl* ‘jj 



COOH 

I 

H,N — C — H 

2 i 

HX — C — H 

I 

CH- 

I 

CH 3 

L-Lsoleucine 



H COOH 

I I 

N— C— H 

1 

H — C — H 

I 

HO C H 

I 

ch 2 

L-OH proline 



y^-c. oljJ 2 






I q<I». ilikll i_t_« < - iH -.VI |_K»La^.V 1 *lli<Lj 

: L-glyceraldehyde jjUjJI j — >K1 1 cjjLULI L-alanine CajVVI 



CHO 

I 

HO— C— H 

I 

ch 2 oh 

L-Glyceraldehyde 
Li — JjLfJ y>M*K 



COOH 

i 

HO— C— H 

I 

ch 3 

L-Lactic 



^yui 



COOH 

I 

h ? n— c— h 

I 

ch 3 

L-Alanine 
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CHO 

I 

H— C— H 

I 

ch 2 oh 

D-Gluceraldehyde 

(D) 



J-C. 






fr'j-'*— ' ^ L^J 


l-> il-i. a j Luc. 


\ i M >aX , k 5> 1 


iijLi$_)ll jjLi lil .liij — 


j-/~\ \j* L ■ ■ ■ ' j — a 


L- j D- alio _j 


• Dj L > ^ A Ai<J 1 j'r a /jljji 


■"‘ 1 ^ >i ..jlLI ! y^a ^Xljl 

alio 


COOH 

| 


COOH 

j 


COOH 

I 


COOH 

| 


H,N — C — H 

L | 


H — C — NH, 

| 1 


1 

H,N — C — H 
1 | 


H — C — NH 9 
1 1 


H— C— OH 
1 


HO— C— H 
r 


H,N — C — H 

■ i 


H— C— OH 
1 


CH-, 


1 

ch 3 


ch 3 


ch 3 


L-Threonine 


D-Threonine 


I.-Allothrconinc 


D-Allothreonine 


- L 


- D 


tir-j je_>i - L 





: RS j»Uaj Llj IxJoUI i La VI (jAaLaJI 4j/h»'i 



COOH 

! 

H— C— NH, 

I 

ch 3 

D- Alanine 
(D) 




(L) u— 
L-Threonine 
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jij v . ^-* 1 ^ »-u u-UI .( 2 ) 

(_r^ ' H, CH 0 CH 3 , COOH, NH2 : jAJI j.udl) L+iilSi, ^luJI 

• (2) UJt Sjj Jj^. S _J ^jilaa t jj ■ *r 1 ...'I ujlit 




. 7 r t ...It yjjx. aljkjLj ^ 1 a t .all jj i^l ui~llt ■ > (3) 5 jjJ < L m’ lllj L*1 

: R (>• jy-B-Jj 



COOH COOH 

I I 

H,N — C — H H,N C H 

I I 

CIL— S — S — CH-, 



L-Cystine 



COOH 
H— C— NH, 

I I 

CH-, — S — S — CH, 



COOH 

I 

H N— C— H 



mcso-cystinc 



H — C 

I 



COOH 

nh„ h— i— : 



COOH 
■NH, 



I 



CH2 — s — S — CH2 



D-C, . . 

D-Cystine 



^iUa.SU ixuaj iLaJI - 7 

£_ijtLa^»j < ■ . £x»L»^» Jx. L -*i I C. u ; L -*Vi idlxj 
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kL<l ( _ > iul=k. J£j tiijj J | <iLbo| .5jX.li^ jl ^ A .« 1 I_i j^a . jj lfj( 1^1 cOJ£.lj 

<-*Lc. '•j J ■ ^ 1 J .(pH) i^JI Vt J ijx. S.1 ajJ-« SjjjlX* . t L 

: JliAl 3 dllfi 



NH, O 

i ii 

R — C — C — OH 

I 

H 

CuLf-iJ) <Va. All 

( + ) 

JS.AJ1 



pk 



.Anionic form JiAJ! _ 1 

. Cationic form JUJI _ 

.Zwitterionic form JS-UI _ £ 

3 NH 2 0 O 

Su RrfU-O 



NH, 

R— C— COO' 

I 

H 



VM' 

(>*o) 



H 

CulfiJI 

(-) 

j^-UI 



: Cr-uuVJt 

pKs — I ^ ■ t ■ -* U ... j *s t II tafJ pi <'>->. »i«ll JjL«j <l*lj »_il ... (jS-aj 

. . u >V (j LDVIJ Q*~ A *V I 




pk, = 2.3 pkj = 8.9 pkj - 10.5 
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Jjjjjlfii—JI Sulthydryl (Cys) 



70 



x 

z 



to 

to 

to 





ir rC r 2 im r Y° nr^in? it^ *■ C 1/^7° 1 h^rr* : 




(1.6) JLU! 



Lf^cljJI i n i * ../til u la. i* 






(pH) 


<_r* V f 




COOH 
1 + 
CHNH-, 


COO 


COO 

I 


COO 

1 


CHNfi, 

1 J 


1 

chnh 2 


1 

chnh 2 


1 OH 

(CH 2 ) 3 ^ 

I ; »+ 


1 OH 

(CH 2 ) 3 ^_=- - 
1 H + 


| OH 

r (CH 2 ) 3 ~ ^ 

1 + H+ 


1 

(CH 2 ) 3 

1 


CH 2 NH 3 Pk,=2.38 


CH 2 NH 3 pk 2 = 8.95 


CH 2 NH 3 pk 3 = 10.53 


ch 2 nh 



: duU j«n 

(pi) C u -V tu Jjlxj <laij Lai ^jjlSJl tlryiVI <CJA3J (^jLa.1 

* 

aAA ijj ■ J^JI A-y q ,J£ pK I ^ytl *ii~A iaM Lm Lj I , .1 m -fc ~1 t 

bjJ— ail LjJj 1- — i j.\ a~ ?*fv .•■ ijliLaLa. Lit .*■>') jjllc.jj—aJLI i*Kj ~i*> < l-i ftj l l 

: (2a-* VI it ^Art.1 Sjjii* <iij4 < i^ A JjL»j 
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OH', equivalents 

(2.6) jtiii 



• Cr-jWl jj-* (Jil lt*J 3,22 < >-t .till JjL*j < U t j j_Lj 

a i\ i«yi VI "‘** > j fj flSJI t_iLui^JI 4-6 

llA. ~ i _ t ~t .ljJI i^yt * »~t i-v II j < i'l it V I art^iU ytili >_jLiit t II j \~l * J 

‘-t ■"* J lijjhatJI 

JjLUI (JLtr'tml a *2».j * ■ »V1 ^^La^tSU ^ a^ll . it. iu-t.ll <ijJlll ^j} 

jajl| jjll £+ JcLilll 1| » i~ j cAxaVI ^^oLa^tVl 

.jjljjK Jj—ilaJlj .(Fluorescaxnine) 
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(j j jLit . | \\W j.l-ii aj » 100 - 10 <jj 4i l—w % ^La 

(2>-» J^a l0 10- l °-10 (jaiilj ijjllll Lain .J^‘10 X 3 S t\A-V1 Z 






* 

ii^jJ I Sjlj-a. <jj_i .V! VI £a (Jc. 1 i ~v i 
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i, i*t iflV) i \-y u.ftiilt <Li.AVl ^yaLualal 5-6 

jAillj ‘C>f '*-*' ***♦ ^ • <— l&lt l « J jV 1 l jAL*JkVI ^‘**1 

^1~>» ■ * J J—XJ J ,(3 " 6 ij^ .all < It n. it ill J J I <_» iVI (l>iVl 

JjliJIj d! V? “ ‘ » \ < jj-i <-- « — 4 .VI j oIaj^j/JI 

.(Cry VI 

i ) ^ . ->. ii J^ 1 Cs** (3.6) ^ .** i i 




4^jll J^la 

(4.6) ji^Ji 

j£ C;l 1 3,6 ^^!^. jjJ-U j »dlj fJXj L»a1c. Cr— ^ V .^ m'U Vl » i 4 » 

JjljJI cKiij L.^lc jljjj £ , Cv* 
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( 5 . 6 ) jLiJi 



. i 1. ^.iil CuloJ 

J Jia.^ .( jdu^i\ ^Vl iiJl) Cr^Vl ,> %20 j (yJuJI LiJl) »Ut : oL-ill 

£jC. . <1 JnJ JiVI Sjljj *dliA 

Physical Biochemistry, Applications to Biochemistry and Molecular Biology. 



arm>yi ^ou^yi j»^a 6-6 



Ion - exchange chromotography V) JjIjjJI 1 - 6-6 



u-» daJA. J _i U - 1 j J-ucJJ Zjj—u*j (JjjVI JjLiII 



Ia^J VI a ll Lml ji-ikVI J-* Jjljill jj -aVl jj^lLa^VI 

uJIJ (Dowex- 50) tjjjVI 

: j^biJ ySllJI 
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U^iJUj .(Dowex- 50) j^l JJ «VI jjAUaVI ,> Uuk 

Cil i - t-All u .Lv j iyui a (J jj a j jj lA jj-1 (3 jl^JI 4 U ... lj ‘ 

«AI j J 1 iiL^ol, J la-m J j|i* ISS* J| 4 i'i 1 *VI jjaal-a-aSU 4 . jil 

4-tiaJI £a ijjaj jJaLi-a j 4 ^uaaVI l _yQ I. a.t>. SU <Jj jijjJu^l ^j^UL_» 

-la. j_j ( jj^aS/l (jaaALaJI (j-a 4-ja ua j.li* (jail ■ 4 t >.U a 1 1 _/-X. 

(JSLa- liijaJja — — : — II jj*a ijJlx 4 i .I,*, j j V taV I (jAaLaJli iLa-^a 4ja,<» iZjlj 

(AA°) _ ' ‘ ‘ 

>. * 11 a I I Q j £ l <j j L «.a 1 a 4 _lJli_I V CjIluj jj ‘n aV I (jAal ajl ^yt Hutj Jj- 

— II ^ye LLjVI 4 i ...j jl ji ^ i LaV 1 L jAaLaJli .^j -a.1 Sjj .<->! j 



*JI 



(AA+) Jl <> <jLlj 
(AA+) 

(AA°) 



(AA°) 



1 *S 1"1 At \ A flail J, 9 Jx^ < - J l r - 4 I _®. 4 kj lILIaj tlLIj ^ \ I 4 -ftU Ml > 

a^^Iujjil <xJUj V Oj La a aI a olil o^ jl 
£_i> pi O jL]L*_J ^ i La V I L-y-j | Jx <jUX-®i*U Jj J.Vtll (3 J A 

Ap = pi ) pH 

4 . tv jj 4 ja.nl (Jasj ^ !_La V I (jAaLaJl® (<ja ^4 Ap — II 4 ^*aJ LaalltJ 

<J[ X*l»l 6jij -la-ijjJ j^l Ap _j i— ’ ® .^a jj (_J jJ! (jAalaJL® .^JUl^jJI tli LLto ,jjj J 
CiU .<-> jjil — aaj La-fjl <jA j_» (J-C-J JjVI Ap j — »VI (jAal — ajl (JA ^j-il^JI IAa 

.CijLwm 4 ujijjJ^A 



JlllLiJ <<u]Lu< 4'» A OjAaC. (jAaLaJI Jaaj ,4_aJI — aw Ap 

. 0-aa lj-1 I jaj Jjli i_ il ia 1 1 — a >J 



: Jl—i. 

: 4JH1I OjuaVI ,jAl-Aa.VI * 

pi = 2.98 ^CjIaa-VI u^aLa _ \ 
pi = 5.97 cr-a-e^ 1 - V 
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pi = 6.53 a. 

pi = 5.98 _ j 

pi = 9.74 Ul _ -a 

J* m il P(£jljJI^ 3.0 ^'yajjd 11 * uj! Jjla-a (j ,_>ALaa.VI ajjk OlJJ j) 

(Dowex -L-i-a jll (JjjVI JjUlit (!>-“ j j j « r Jx 

4a\ l *V I (joLaa.VI CjI Ijj~» ,^4jj . J j a— «JI ^ya uiti itj ^-* 50) 

:aljj1 j L^jJI l*j (j^aLi. ._uj Jvj ^ALaa-VI ai* 

J b <f jy ■» ^.1 il i ... Jaa j lit jit ...VI jjiuLa _ 1 

Id* ,J jju .jjjiii CilxaVI (_yaLa~a.VI < ■ t > Lbjl Ap 4 a H <ll iJlliLij 

<rjA^ tl ajjk ^4ui JjVI (j^aaLaJl 

(AA + ) 

(_>aaLaa.VI J[ < i-m'JL> — O (>* W 5 *1? - V 

(AA ) 

(OH) <-JLc <^ikl <cw j J Ij <j I jkjj Ap —Jl qj-o Utl Jxlj <J jl O il <jjluVI 

•CjOVVlj J£ J^Sj jjlj J>u ^fi 

<* 

t£-tu i _jallt jjlj .Ap II 4 -»j_J . «aj iJJIj (jjSLJ — — a. 

. (j^-ujjalil iJjJ |jt ..._.*\Kil JHILj ^\-uo5^Jl (j-a 4 jj 1 oJ 5/ jjSI 

Cyaal J^a.j i. mm *LJLc. Sjj^ya <_aj_i <ia- w dlia > i |js-*uj5UI l— al — J 

^AUa-VI ad* _>_J C^MJI J^_a IjJ ,(Ap = 6.74)j (pl= 9.74) iaiL^ 

,<uuVI 



^U^fSJI Jjdaj^JI 2-6*6 

Il ^ ^ya. Jx Jt ji j <aa.j4> Ctlj CjLi£_>*£ ? j'n «VI < j^> t < .a ,VI J ^ 

<Xm*j Jx J|aa.^JI Sja da ~ » ~ i j JLaJ.1 |j 4 i l~ L a .II 

• La Jij Ukfllij 41j jc jWAjJI 



<££JI 
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3 glut | 3 P.LAuent.ml 



o o o 




(6 - 6) jiAil 
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-KAP 

MW 



K (pH - pi) _ 
MW 



* 

c&jki <ii-i-ujJlj <-uJjiJli ^L uj HiL K. iJj-oj ..*• 1 1 

,t_JLuJ1 . .Uti l j -k i Jl _r <jJI i.iil Lai ■■ >_ ArxaJl 1 al^-iVl 

J»"jj cj-*- 0 j <— S » ~ »li 

cm 2 x Volf 1 Sec ' 1 _j ,joU. 



: *lijl L>^j 



Cm/sec 



a.v-w.^ iiLull 



Volts/cm JL=dl Zjl 



: <S^=J1 



cm 2 x Volt * 1 x Sec * 1 

: <-dloJI < iij aVI (_yciLa^SU ■ ...’ill (J^a. yvl I l j_4 La Jl — *Ll 

.cs^>y&\ - 1 
. — 2 
. .*i~ j i i ... yi L>. _ 3 

. ^Lt^KJI 

.MJI-5 

' 4-70 j 

: J=Jl 

If l .LL J t_JLt*Jl i_Jo_4Jl ^ <_l\ 1 <V I !_yCt 1, A -k.VI <.., 1-il J^a £ J^_u1 ‘*lj ->■ ~ ■ 

^yk^Aj ilLaLi ^KJI (^a tll^.-wi ti ilG jl t .*V1 Lai L* J-»-j J 

: (JtjJi Jj J.nt-11 (3-*J *— ‘l^ 1 » ■ 1 11 jujojj J /Caj j J-tl 



-231 - 




PH— PI 


PI 


MW 


tr+* 9 l 


MW 5 - s ^ JI 


- 0.0345 


9.74 


146.2 




-0.0164 


5.97 


75.1 




- 0.0098 


5.98 


131.2 




+ 0.0100 


3.22 


147.1 


tiLk*l^^l£j| ^* 1 ^. 


+ 0.0124 


2.98 


133.1 


cLjLl^mVI 



AjjjuVf (joLa^yj (jjLtaJI pLixll 3-6-6 

i>* jj^Ul ,_x^j 

£ ^V»-* i _j+j j+^ail l— •! < <— i l j — n V I (jol *-kVI j j^oJLI tdJjSj 

* * 

; <jjj-aVI i j — I »-vVl t il l <<-»*-^ o Iji^u CJlllI j L~, r. I a ij 

."Cysteine" c^l~ia-uJt <1- 6 j^j : (Glyceric 3- p) cjILm, _ 3 _ Jj*-^uV1S (1) 

. "Cystine" Glycine" . "Serine",^ j^JI 

"Glutemic" eUl: ^JSJI ,_^>U. <1. ■ a - Ketoglutaric ( J jl: (2) 

,<ic. * ""’ lit 1 1 (joLfc^Vlj 

."Pyruvic acid" (eli jjjUI (3) 

."Pentroses" (oL jliJI) (4) 



SSixcK I jjoU^Vl 7 - 6 

: j <* 4 I*. ia V | Ll^V I l^j ^jiJ i lu 1 1* 1 o ^ Li^J I . u i » » 

.COOH - 1 

.NH 2 — i-j 

J!i * (jALkJk-Vlj < -^ l— i JI c»t — i — i^JI u U * 1 Lf _>— ^-Vl ^■ •*1— >— II — £ 

,qJI .... SH, Guanidino, Imidazole <Jj^Lj •Jjj |j ^-*^’ 
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s it jn-xU CiN>x.Lkj 1 - 7 * 6 

.cba-VI JcLiUL i-j~.-L_.VI ^Lo-VJ g.j-.L-vil r> JB 

: < i .A» l -^li claJl+JI all i *Z jI ^- wVl 

: otl^JI ^4 (1) 

^ j . * li.°VI ar..] I j*_a qC- l ft *i i ! jN ilO 1 1 > lj .-/-.I) l > ..X jj > i a a t " l . .. J t — ujic 

.y^J-.VI ( /..• > H j (LJJjj-LoJI Ji uH^? C^> 

R— CH— COOH + NaOH > R— CH— COONa 

1 1 I 

nh 2 nh 2 I 

R—CH. COO + Na + 

I 

NH 2 



: Jo-Loi it jAxt (jlais (2) 



(JjxlJ) jjjLij ji jkjJjLJl Jl. II. 5.JJ.U j A a J ?• J.' — *VI poaLaJI Q m*i .lie. 

j JjVI uJ^J^ a_o— tuJSl (jV5 Jljj u 'm .VI 

>^vt jjAaUJI 



R—CH. COOH 

i 

nh 2 



H— C^"" 



\-H 



II / 

C— N— H 

I 

H— C— H 

I 

H— c— nh 2 

! 

COOH 

Histidine 

1 1^ 



R CH 2 NH 2 



Ba(OH)j 



H — C— N 



M / 

C— N— H 

I 

H- -C — H 

I 

H— C— NH 2 

I 

H 

Histamine 

(Cr-li— fll) 



V-„ 
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: CiIJLujVI (3) 



J*-. 4 m «VI ^aL^-VI Jcl_i_£S 

.(J^il .a^VI) ■ 1..1I1II a— VI IS ■» 



R — CH — CO OH + HO CH, 

I 

nh 2 



iici 



-> R — CH — COOCH, 

I 

NH, 



nh 3 o 
I I 

R— C C=0 + HC1 

I 

H 



NH 3 C1 

I 

R— C— COOH + HOR 

I 

H 

NH 3 CI | 

R— C— COOR - HjO 
H 



jOjVL L 1 AIH 4 4 U ml^J SjJkJI 4*lluVl (_/oLk^kVI (Jlj-I-Al (4) 

. < i 1 \ 1 1 Jl 

R — CH(NH 2 ) COOH + UAIH 4 

7 

R— CH (NH 2 ) CH 2 0 + H 2 0 

Jr.Li; ,> ^ois u kJlj "Aminocyl chlorides" ^Ua-VI ^j-^s (5) 

!>-»V! it <jli J JJU 1 £-• (Jj_ — 4^^. 

4*i 1 *1 m a 1 J i‘ • .. V I 4jljl tiljj JAJ ^4lj .jrviVI *J— *J 1 | ~ 1 ~ ‘ »m1-4 



-234 - 




■> ch 3 cooh 



H— N— H 

I 

R— €H— COOH + (CH 3 CO ) 2 O 
H 



CH 3 CO — N — H 

I 



R— C— COOH 

I 

H 

PCI 5 



f — H 

V 



CH 3 CO — N- 

I 

2HC1 + R— CO— Cl + HCI + POCl 3 

I 

H 



l 



NH 3 C1 

l 

R— C— CO— Cl + CH 3 CO— Cl 

I 

H 



: Lu^VI <Lu->jjyi (j-iLa^VI Jcl&j (6) 

»» 4 j5Li. L .VI L jj J .V I A— . < .VI A ^ Vl jJc.l—i-jLj 

R — CHNH 2 + NH 2 > RCHNH 2 CONH 2 : 

COOH 

jl J j -v-fk JI £_■ < \\ \ VI jj^L^vVI olJCuul (JuL-ij Cilj- j — <VI USj 

(Amhydrous ammonia) ^L.5111 Ci >«VI 



NH 2 

I 

R — C — COOC 2 H< + HNH 2 

I 

H 



NH 2 

I 

-> R— C— CO— NH 2 
H 

4- 

C 2 H 5 OH 
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loiLtVI it ^X\ d'U Uj 2-7-6 

: jjlII £-» ( 1) 

ij-ci^LaJI Ijj£La HCI <lL j jJ£j j Ji| II ^yuU, ^y\ gA* ~A.11 (Jfct t -~1J 

^^o-aLaJI (jjjl (J[ ■ Amino acid HCI jjjjI+11 

: <JHJ 1 oVjM .1 ^JLJI ^ jL\ 

R— CH— COOH 

I 

nh 2 

l +HCI 

R_CH— COOH 

I 

NH 2 + HC1 

l 

R— CH— COOH 

I + - 

NH 3 + Cl 



: Acylation <Uii*VI iWI (2) 

: (Acetylation) acetic anhydride <li*«VI (1 

.klUliJI ^Aa^W J (J ^AA-A.l l i JCt i ^VI 



ch 3 co^ 

\ 

R . CH COOH + O 
CHiCc/ 

nh 2 



R . CH . COOH 

I 

-» h.nco.ch 3 
+ 

CH 3 COOH 



H 

I 

C 6 H 5 COOH + H — N — CH 2 COOH 



: Benzoylation ^Ua-VI <J>j (v 

ON 

11 J 

N-CH, 



H 2 0 + C 6 H5— c- 



I 

OOH 
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Benzyl chlouide 



R . CH . NHH + Cl . 0C- 

I 

COOH 



I 



R . CH . NHC 

> 

COOH 

Benzyl amino acid 




r\ 



r\ 



$ N-acyl amino acids CU-VI < uj-.VI <Jj! ole j 

Oxazolones j\ azlactones oLpSV jl 



R— CH— COOH 

I 

N— H 

I 

CO 

L 

R 



R— CH CO 

/ \ 

N O + H 2 0 

l 

R 



iJj_>uJI (jvaVI <£-j « t. * J_c. <lxil_a— til yUa-l^J j *i -5>1 

<_x. ^ <JcUu j-aj Benzyl chlorocarbonate oLi 

Benzyloxy carbonyl Jji o<-.VI 
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Benzyl chlorocarbonate 



H 




H 

I 

R— C— COOH 



NH 

I 

c = o 
I 

o 







Benzyl oxycaxbonyl (Carbobenaonxy 1) 



Methylalion of amino acids <L*j_L*yi ^U^VI £L1* (3) 

r Methyliodide ^JAll Jit Jai4 jj^u JIaaIwL 11* 

11* £_i— i j: j Dimethylsulfate yiliij 

: UU) c'ii U1L Jtliull 
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R — C — N + 2CH,I + 2NaOH 

1 

COONa , 



I X' 



2NaI + 2H 2 0 + R— C— N 



I ^CH 3 
COONa 



+ ch 3 i 



H b 

I V / CH 3 
R— C N^-CH 3 

I ‘^CH, 



COONa 



b 



Nal + R— C — N-f-CHa 

I _ + ^CH 3 

COO 



: 5jl » £* w 

4 ftjfc, * io ^ C-Lj Ay a £-jo Ajlil 6J-A Li n 

cjU (dinitrophenylamino acid) DNP amino acid Jjii jJUJI 

NO? : JxU .iU Ojliil 



R— C— HN, + F 

I 

COOH , 



l-Fluro-2,4-dinitiobcnzcne 



H 

I 

R — C— HN 

I 

COOH 



NO + HF Dinitrophenylamino adid 



(DNP aminoacid) 
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(N- ->j?>jil OjaI Jc. Lilli Ijj* 



.terminal) 

Edman reastion ^Lajl JtUj (5) 

(UJI) >u-.Vl it ja^a £* Phenyl isothiecyanate O-LJ 1 (Ja L i* iJtLil 

Phenyl thionhydantion jjli J^ii L j£a ^ jtli j j cl. NH 2 




Nitrous acid jjjoJI fr* (6) 



NH 2 

I 

R— C— COOH + HONO 

I 

H 



R— C— COOH + N, + H 2 0 

I 

H 



ajSI cjgUlj "Van slyke" eL^U- 

6 j JO. jll o«-.VI joaU-a jjt cijxl <aaL_S ^rA-Vlj £-* 

•V^ ^ 
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"Ninhydrin" fr* (7) 



l ' * <-ijj-»Vl vi 



Sj _> ila itjjLiji (JjAi-i ^.nal £j« <AiLaoj Cilj « ? > 

.'tin .^jl (jli Jc.LiiJI 11 a tj* a £ i — c.j — » a » £-« I — Lll 

j — a Ninhydrin (jj.iil ^vdl ^a^VI .Lj^—aVI ((COj) 

* 

jl . *•> ■ * U C02 _>-l JJUJ Lot IxaS lJ AL^^V 1 a j-A J| ' »~ jkJJ *(j-3> — ■ »» ->».» jl 
Lr l»-aVl (jAaLaJt J-L^l lajoj ^ 4ii g‘ i l H 




"SchifT aclyUI 6^ (8) 

!* *■ > -» j <-A.jL.iaVl ^laja-VI £_» I . jjVI CiljjL».iJVl Jc-l-L-V) 

(■ * ■ >• 
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H 

I 

R— C— COOH ^*i 

I 

nh 2 

4 * 

o 



R— C— H 



h 2 o 



+ h 2 o 



H 

I 

R— C— COOH 

I 

N 

_ II 

R— C— H 



~.UJI 



H H 

I I 

C,H, — C=0 + H— N— C— COO 

II 

R 



H 

I 



1 " 
V H 

I 



C 6 Ii, — C— N — C — COO 

J L I 

OH Hi R 



" I? 



I 

C 6 Hj — C=N — C — COO + H 2 0 
R 



NH, 



R— C— COO + HO 



H 

Zwitterion 



+ 2CH 2 0- 



dimethylol amino acids aAaaJU (9) 

* 

\ Cja ^.1 1 JJ *uLa i— il.iA> 



HOHX— N— CR,OH 

i I 

R — C — COO H,0 

i 

- H 



(Dimethylol amino acids) 
JjAH — ollii « jaL^VI 



: jjouSjI ^4 ( 10 ) 



Uji* *>■ 11 — i j J l *Sj1 J — «J I — •ait 

"Carboxy amino" Oy,\ ^ jl "Carbamino" 
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H— N— H 

I 

R— C— COO + 0=C=0 

I 

H 



H— N— COOH 

I 

R— C— COO + OH 

I I 

H— N— COO 

I 

R— C— COO + H,0 

I 

H 



(Carboxy amino) ^.1 



: Diketopiperazines qjjZZ (11) 



H O 



H H 

I I 

II — N — C — R 



R— C— C— OC 2 H 5 + C 2 H 5 0— C= 



I 

H— N -II 



H O H H 

I II I i 

R—C— C— N— C— R 



2C 2 H 5 OH + H— N- 



I 



-c=o 



Diketopiperazines 



A n <Lu.uVl (Jct-ftj 3-7*6 

Sj_mSVLli 4(JljjA.VIj Sj-ujSVl (JJ *I~ "‘J ujl^ (jJal.aA.VI (jQ j *- V « (1) 

: (jjjSjJI ia»j JljLkVljj Cystine ^-,.^..1 1 JJ Cysteine (>~. ..._>j,..II 

Cystine 

— S — S — . > Cysteine— SH 

jiyiii 

xkjul^j jl - a 1 -w kiuj jj^jaaII jI jUAjlaJI JlaXu^L (Jlj— Jt— aVI 



- 243 - 




Ul • jl ijkjjyntjJI >u>U— ui jl ,L_u j-*VI j p ■ ‘j — »tl 

,JX« ( — SH) it^uj J-c ciLS _>* JIa* 1 wLi fjj - > ... _ i. i 

.Jjlxi* jl ^ “ ‘j jj thioglycolic 1 _^&aLa. 

jljl J jj ULUj^I Li <11 J (j V I .^ 1 j ■ a . \ V I I — a) 

: Jajli -j »' i xi.Aj»JI fjjt 

COOH 

I 

H-N — C — H L-cysteine 

I 

CH, 

I 

SH 

+ 

SH 

|H 2 

H— C— NH 2 

COOH U:ySl ' i “ e 

2H 

COOH COOH 

I f 

H-N— C— H H 2 N — C — H L-cystine 

2 I I 

ch 2 — s — s — ch 2 




£+ Cysteine Jtlil. ; <1^1 ^ljd\ ^ Cysteine jan (2) 

Mercaptides _Al) -II Ag + , Hg +2 Ji» 
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COOH 



h 2 n 



— H 



CH n 



SH 



Cysteine 



f 




COOH 

I 

H,N — CH Cysteine silver meraeptide 

* i 




s 



Ag 

oLIjj jjvllj vi>l jiii J1 (j Sj— aJl (Cysteine) (jCmii-oJ 1 ^ JjjLUI ^ (3) 

: JLjJI Jclilll Jx. SjaIhII (Edman) <jlAjl Jl ■■■! * 

— : — II SjVaj SH (yj jaj jJI (ju 



5.5- Dithiobis- (2-nitro benzoic acid) 

8 (jj.i^.jjjx^JI t_j-u V I : j 



+ 

Cysteine 

Thionitrobenzoic acid 

412 JjAdl j Ldlx jauj) A. max = ^12 nra * 
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COOH 





Thionitro benzoic 



NO 
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u^-*l — I j-A tjftA i : Cystine «.JI ^ -*Vt — aJl Jlj j awl (4) 

- - »J1 ,>> i>^j— ?- U "mercaptoethanol" 

: Jlill JcliUI Cysteine 



COOH 

! 

H 2 N — C — H 
CH, — 



H 2 N- 



-S — s- 
+ 

SH 



COOH 

I 

-C— H 

I 

-CH, 



CH- 



ch 2 oh 



H 



COOH 

I 

C— H 
CH, 



SH 

+ 

CH-OH 

I 2 

CH, 

I 2 



CH, 



CH 2 OH 



Cysteine 

I !■ I ...II) 



Di-p-hydroxyethyl diisulfidc 
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Peptides CiIojxuJI 8 - 6 

OJLiIlj ^IavVI S J J . l "»■ « oLl^ _>I l ^Jk j 

UjSl ij (J .. l i l t t i l {_>■ bM (Peptide bonds) 

CiLojJ>jVI j CjI J — i ~>— i— ti l 

^l AmtH ay-L^aVI * ,^jJ 1 Proteuses 

JJj <^aaLu a. ^_A ijJ a, 1 i ijl Sj^-oVl jjl w-J jj— *A1 

< l) j\^ll jl wLaJ^-iVI ol-VTn til j* » Jj-a llj CkjLj^j-ftJI jjjliJI 

^ 1 — ‘ V ^ * ft Lv't ^ (j ./> > •■ V I <x£xzk_l\ 4^_V*J i > j \ 1 1 CjLajI 1 4. jjl > , A _^l 

JJ 4.1 A l iull <J-a2*VI <jL® fclUj J[ <i L^>[ . ^I^AaJl ^ J ^ 

. Ci J-iTn-iJI aj^-oVl 

».i&a Ij jlSJI A jU-il 4 j .u %j^c*i I aiA \ ■m. u 

. * Lo 



H R PH 
\ I / 
^N-CH-C^ 

H Amino acid 1 °x7 



\ ? y 0H 

N-CH-C^ 



Amino acid 2 



o 



K 



HOH water 





Cell Biology Phillip sheeler Donald E. Bianchi ^ 
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: J[ ( jol a ^.VI JJr. Jx. I oLS_>il tAA ^ m*~j 

• ^-t‘*i *y I ^U^yt j-« (j j^~~ j : Dipeptides ol.uitjJl <jjLu — 1 

• *^x»yi t jol A-^ y I {_y* ol.u».j 3 j* : Tripeptides ola Ci5y_» — v_j 
■ ^ - i ‘ t j^ yi (j^La^yi oljji. j 4 ij-a : Tetrapeptides ol. ujj .tJI oxtj j _ ^ 

• qJI.... <Afct.t4.iJI .<>■■■' t ... II . < . . -.1 4 .^. II JJL» 4 1 ual eJlj-Aj — J 

(Oligopeptides) a 1 1 oI-u 1 a_JI <£^a^_* ^ j a^txt aj^_£jJU ^J^jyi a j-*j 
.<jjx«yi ^u^yi j jfc ^_y> jit <j.> ij t til ^ijyi jjx jt-i ila o jciiji j 



^QjJI ojS/JI 1 -8-6 

olj o^i-j Jfc (jf -i j Jjyi <j.,1iVi dl < 1 ml ...11 

L.1 ,(N-terminal amino acid <jlfl!l j -j j C*-»1 

j ( J tj aj | (j^uLaJlj <lrt tj^a y\X J t 1^ lU <4 uL-aJI <-il. |-lll 

.(C- terminal amino acid) <_ilii^ ^jill oLfJdl 



O 

II .. 

— C— N— 

I 

H 



O 



:=N + 

I 

H 



|t~titl l 3 jwo5fi 2-8*6 

: J-l Laj ajixtVI 6A A J tajj 
. Lu jji. 4 jxj Jy SjaxS/l al/k yixO — t 



i _ > 44jLi jj jJI <JLai a~~ 

u a J ^i - iJi i 44A IjJ O N ? i . t »~ i 1 1 1 X^yi JjSJ . 

JSL4JL R <c.j axaIJ <ifcl_jiJl olfcyi l jri*i ^yi J.Ai.j ( j4ij| / 11 j \ ...i i 



- 249 - 




ijLflll) iiiuUJJl oIjjuojJLI ^jUoJI ljjlSjSJI) 
Seryl glycyl tyrosyl alanyl leucine (Ser- Gly- Tyr- Ala- Leu) 
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R.HC 

\ 



j > “ ■ a j I — 5J VI (jjjj — Jl Sj-^a^U i — *j jVl oljjJI a. 

JiAj 0 J H _J1 <j|j 

V < LjJl jjAj CjLi Jl will (jl "^J 4_lLlo <-i,W ~L..i_iII a_^-o'V I — J 

. j i - m a jjjS-i a^p^oVi (j-o (J a a j 1 nil I j ■“*■ a^p-oV I J^^i O' JJ “^U 

: Cil,tt~viiLI a 1 1 A ji l -v 1 1 j iujjtliH Cilfluall 3-8*6 

JJU-U 0-* LijjJ-u < Jc, -!A.l-i.i 1 Laa . <jJLc jl^ oiil CiLa-jJ •*■' ' i * > >11 

. * ■ ' . 1 1~ l 1 1 1 4 i . A * t -v H j <jAc 111 l .~.ifl .aII ,-.l a . iy\'l j (J^ iti > <J jl fail 

a_jcJI OaaoVI £_cali_LI jLtlIjV JJajj _pwaljV <jj£il _pc 4 L .V. » II i » I — 1 1 JJ 

,jLi u-iA-*VI LpcuLaJI j <i\ ...1,1 O- 4 jjSI SjoJl 4 ■ I < . .X I' ^_i a l aJLi 0^- 

CoLj jkA» . 1* \i ~A ^ 1.1 .^jj La j \ 1 1 a j\i. j ( ^jLj_ > ^iL!l a '1 ^ ~H j k_jui — La JJ (5 jJj Li-4 

j-Ll -nil 4 >1 1 .iX^j j£Jl ^ ia l^. I I 0-» Jj.mS^jjlfa LLJVI £_LaLaJ. pK ilKft~ill 

Alia 0"* 4-ax» Jil 4 i ‘. i a V I £Aali_aU Col aJ I !aA La ‘lit .4 uj aVI (_pg>l a a .V I J 

.(5 - 6 JjA-v II <jL>aVI (^poLacaVI j 

CilAili ill I"k tn*i 

Lfj jv~i I <li >JI (^lJLo a~~ Cj 1 . 1 >*>— \ JJ Qoa ■■>.*! Ij *C5J^ CjLI — 0l 

> l-l 1 1 (jlj aJJ-Jtla Lai. V Ij 4 i’ll aVI ^jiLa^yj 4 l poJLl QjL-aii ~L.il 

<-l.lj.~l i ill Sjaaa^ll J jk-*LoO 4 iti ...*\ j.jKII ( 4 _Lal — a_LI J a 7W _ 1 ^ jjl yll — aVI 

cilj glutamyl seryl glutamylvalihe ^llJI .-uS/JI ol ^ - 1 * ,-k i ■% jkJlj V 
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US . 2.5= pKa LfJ (a-COOH) LiJl Oj^ ot^j^JI 

<*j-~il u! j 4.0 j-U, pKa L+J Y - COOH (U.IS) ^ J_S 0 ! 

_ 0 

l bUijI \\f I I fiA Ll {jA [jl )fl j SI aj K ill...... S 

(Jj k l l l Q J . ~k . MU .. 1 1 1 ui- A -lA (7 * 6) jj S . ^ iJI . 4 J . 1 l~ I 1 1 1 £ yWiVl lJz (jOl—LU 

. cJ .11.1a Jl 



(5 * 6) JjA^JI 



.-■I in ullj 4LU14VI (J^UaSU idiijJI CuU 



.Kit II cwti 




( _ r xk*yi j»_w i 


^ laJYl 


QJYi 


jjj 1 ill ji 


9.6 


2.34 


Gly 


8.13 


3.06 


Gly-Gly 


7.91 


3.26 


Gly-Gly-Gly 


9.69 


2.34 


Ala 


7.44 


3.42 


Ala- Ala- Ala- Ala 


8.01 


3.58 


Ala- Ala- Lys- Ala 


8.60 


2.81 


Gly- Asp 



jjxLijJi j r«nll Q_i-k ^ *11 u 

Glutamyl seryl glutamyl valine. (7 - 6) JSUiJi 






PH = 



P K a! + P K a2 



2.18 + 8.95 
2 



= 5.57 



( P ^a 3 = -9.5) H 3 N -C— C— N- 



H O O H H 

I I H || I I 

-C — C-N-C — C — N — C-COOH(pK = 
| H | | 



CH 2 ch 2 


ch 2 


H-C— CH 3 


1 o J 


f 


1 


ch 2 oh 

1 2 

COOH 


ch 2 

1 


CH 3 


COOH 




P K a 2 = ~ 4 




PK 32 = - 4 



Alanyi glutamyl glycyl lysine ,>ic. 

NH, 

I 

CH — CH, 

I 

o=c 

I 

N— H 

I 

CH— CH 2 — CH 2 — COO 

o=c 

ijH 

d:H, 

I 

o=c 

d:H— CH2 — CHj-CHj— CHz— 

too 
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Polypeptides SjjaUU CiLuluJl J^Iuq 9 - 6 



jjiixll j^cljV! ->-x ^ csj^j u^l i5j^U3l 4j.iiTij.tH <L»LJI 

»X* j I (_>£>L»»3.VI JJC. (jL ^ Ijl tliljjjJjOLl iil_J_S_>il 6X4 4 ‘ - ...~ a ■ j 

. jjjjl I (X) CiLi5k_>l) 

: Sjjjl I U A-jj. yi i. i ll JttiiLwJJ ^Ul JlViJI _ 1 



Sjj» " i U 4 1 i ~. . . 1 1 < ! ml ..ill Oil, [V ~ il j ill i". ..." j-jjj 

JLojll-jjLi 4 i uT n a _/i ija Jl 4 1 ... t ...11 i lUt ! i lU jj .4 i~ii . »V I (^q l , a^.V I i— 1 1 1 yj 

JLoJlj-ojI jJk I -LA 4 1 1 il J ^ -AaJI 4ij^jiaJI £>) JJU—Xj j .-vjl ^jU.1 |_IL» ill 

jjt^ji &j \ » j (jiLa 4_ijjj — i i 1 1 _^-qIjSU 4 1 1 -t n .xLuyiyi 

1 y>y_a. I—I^j 4 j J — 1 ~ i — ill jvjajjVI Jjla. ~il ^jjjyl ! jjk jk j-JLlj (jjLjfxijJ) !^yk 

nji i*. ill Ij '[j “■- J '-J n *** " (_$ *w 1 CiU»jyi| vilL-Aj _jl (jk-ujj^lUl 

^j-Aj 4jJ i— j 1 ill _/'-aljSU 4-lia_II CiLaJ^jVI J — =w| yvA-Vlj ‘{j ■ « — “ J — 1 — Jlj 

Isoleucine j. -^Vlj Leucine Cj ^ -*411 J« o^LHI _rx * jA . * V 1 ^U^VI 

: Sj— oVl ^ j uVl ejjjJl jIjji^j Valine ijOlillj 



H H 

i 1 I 

N— C — Qr 

I V 

R, 0 



H Rn 



N— C— C— 



: Cib i j-j- j 1 1 J-lLxjj Jjuai _. 2 

4 i ’. . jS I ^pl a a. VI la ill. i_i»_*jal CjljJJAiJl {j* lajli k iJ- ^a A 4 j I * f (jj 

J a.a~ j ..~. l‘n~ j_aII j 4 I'liiVI (jj jjSI C\. U * I ‘ I' JJ-X 

,_^q jJLII IA jJ <y»jjJl 4 _jjL j . |5> JI J j — ~W J4-11 4__jl*_t j 4__j_i Jjjl 
r jLiitVl (Jj-oJuj 4-ijj^J I <il_jlall |J l iA~l i ^I Ja£. J J-*xll CjI A Lj-i J j£J lj 
Jo.lj aLyilj Jj^._a 1L (^ Ji'i t - iH JajiiJI Ji A . i lj Cjtj i-Sj^laJl 

JjAU* uu] La.jJ ^ OiL^ill S>a^JI j\) Vj 1 
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J U<" . n U ji^il till jlo ^»l <lla«JI (-Lfljl JJljj .(8 “ 6 J SAl l jlojlJ 

: (Ninhydrin) <JL^o 



(8 - 6) 



VI Cjij ioi j jJI Liil jL yj 









0 

0 

0 

0 



A yLJAll ,J IJj^JI jjtll 



.-.i t iiull JjVI f-LuJt (jxiLii _ 3 

AjjjUi . J i ■ l I .ji, Ui. VJ ^jJrwvJI (J ...1 ...~ II , ~ 1 | L L~ L L 1 1 JjVI pljuJI J-a il*-» 

; CjUljjj«lJJ JjVI tLuJI (juLii] .ull (J jloJ l t\t~ CC. _J * <^jlu jjlu 

■ <-l‘l t a VI (joUi.Vi J*l£ QuIxJ (1 

< I*, i 1 1 (ji.Ui.VI £- jUj (juUi (2 

: iiixaVl (_>2>U^Vl ^ljj | J Jit (_yuU5 (1) 
'. <JUJI (jjJcdLi (jaUUI ttji-J (j f» * J 
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: JLOJI - 1 

: iJlli! jJLJI (5*^-1 J*»*i ...j 

(_/“-* (j CcLi- 70 - 20 ajl ^ 1 10 a jl l iJL. ^lll J U . ~ 1 1 _ 1 

jUA* J -Ctji-0 kj-Liljl u*a_>AJI Ij^J — >mJJ ((^jl-i.f. 6) uL j jlSjjJ-i+JI 

I^yt tjl_i_j — a CjL j — »— S j Jjl — (J S ,J-A i—LijAJI ajLA 

<Jljl o^»l3 _jJSJI , .j ^ US .(Threonine) jjjIIIj 

Pyrolhdone Jl j K 1 1 ^_y^v«U. J^-ju .JJj JJ ijUAl cJlx*VI 




.^sLa^vVI axa t^y» yviijj Ji. JcLijj *U Jjl.iai i lilJjj .^ fcU ll 



V iAh-w yliJLi^JI ( _^uUv jjc. J i i 1 .i- ~ j : a .L .c.1 — aJL jjjU.1 JU — Jl — 2 

L/j j — il l . J-i _/** ** J ^j^l *3i Vl j*' ...S'lll mi *£u i a i ii 4 . An -i j) I n I I a. i I I yi n S . *t . j 

.(Cysteine) (Threpmome) 

Pepti- j j ii ) **“ ■ 'I — J j a.J ^ jJ I CjUaJjyi m i ! CjLajjjVlj AL I JU — Jl — 3 

ji^IjVI f. ik 'I-* . ^ j ii jjjJlj Pronase ^jj^^JIj Subtilsin ■ « * U 1 1 . ■< JU dtrses 

US .^Uo.VC ^lU JlaJjJI Jil <LjU\ aofj Jtlilll ic^-u jl C ji UJ I 

^mSj JU £_y—1 vmUj olUk ,jl 

J^jjl U J jaaJ) Uij^t. jj^ajjSJI j U » *i m b (J, \ . _ t - ~ i-.i-a]' JojIAJI J. A t o^f ^ 
(joUofcVI Jli • JU« ~i ml i ’H . I i. S j S a -j j JjUUI olj ciL»_fcjl_>Jl ls j 1 ■*»< 
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(_j^ol « n .SU OJclUlj 4 aiAjIvH Jx ' » ‘ «* jjjJlj <-kii «V1 

.(9 - 6) JLiJl j U ..-.l -v/^li ^Ul JUUI ,> i^VI 



(9 - 6) J£AJI 

jJjjVi £»tj JLajC-m«Li <_kjj-*Vl Jj I *> 1 

^jjUjjjVI <^j^Vl (jiliiiV! Jla-« jlfau 




(joLa^VI Jifii 

l|‘u * -» C)t.i > >11 (jiLU Jl-^H ^^oLi^-VI *< 1 a |J n aj 

. JSLJI Jlill fjjjll #Sa*tVI LfcljjLi Lul_>ijjj-» j_>^ 
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JLuxiVI 

jt~.ll j..« I l <|>J ^lUll tjjk ill * it*. II ^^Jrvll -Xjll (J*. >%|J 

« .\ ^V l ^L^vVJ L— IjJ a j Frederik sanger J^* i> 

|jjA jj+JI li* jil! J«»~> m l JJj (JjljjjjjjJI ij) 

: i% jjjQJI ijl^jjl ^ A t\t*yi j^oLa^VI [jAS^Skjjja (1) 

Dansyl j ^_a. j: Dansyl chloride 5jU JUxi-uul _ 1 

,-, ir, .M l ^ <Ui cj\y& ^L-ij jU^ jUI I jJ .(Fluorescent) ioilliJI 
-v jjtui $ ill j (_jA^l.->.ll "Dansyl derivatives" ijJL— 

: <Xy. Lt> J iij _)j£l IJ-* A^L 4 



D«nnrt (hkoridf 




COOH 



^yui 

Tripeptide 



j- -~m ^11 ^XlJt 
Dansl Tripeptide 
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'j (jjJlj « lj~> t it I ^ vnV I <tJ »>Ji l (jl j^jLuJ t j~LlUu Jcljj JLftjLLuil — 

.DNFB jjjjjj J y t j a j jvl (_jlj £-• i_Jcl — *-Jjl Unprotonated ,_(* 

(2,4 dinitro fluorobenzenne) <a!c jikj ^Ul ji-al LSj_n 
£* (<Jjl» ^ _>kiJ) u-^j) -c^VI J»Lju ait j (2,4- dinitrophenyl peptide) 
a j ua i/l ljc cAu-i.i _>JI jwCii (HCI) liLjjJSj j Jo^Jl Uk 

Ll^JI j *VI l _ > A*L">.ll LUVI oyVI i_t j aa-j j _ 2,4- dinitrophenyl _ 



u^d.1 O'® ^q-®I — - t-H J l-^ - i JI a < ~ 4* ^.1 ^^illj <- _u_i jyCJI 



DNFB 



+ 

HN, 
I 2 

Ri — CH 

1 I 
c=o 
1 

NH 

I 

R 2 — CH 

2 I 

f° 

NH 

I 

R 3— 

C=0 

I 

NH 

! 

R 4 — CH 

I 



■Laj jll (jj-toVI ^j^eLaJI £ji J-t jLn. i C.yij 







NO, 



-HF 



COOH 

^uyi jjIaJi 
Tetrapeplide 




R,— CH 



I 



NO, 



HCI 



cU’t 



c=o 

I 

NH 

I 

R,— CH 

2 I 

f° 

NH 

I 

R 3 — CH 

3 I 

c=o 

I 

NH 
R4 — CH 
COOH 



2,4 - Dinitrophenyl 
Tetrapeplide 




NO, 



* R, 



COOH 

+ 

nh 2 

I 2 

R,— CH 
2 I 
COOH 

NH 2 

R 3— ^H 

COOH 

+ 

NH 2 

I 

R 4 -CH 

COOH 



*y»j «yi ^u^yi 

•j — 
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Phenyl Iso thio cyanate cojUm jjU J juil l 5jL* £* JtUlll a, 

(Ed man £Ujl JtlAj) 



Jilill SdLj < Li I «V I 4->l — f-lll (Jc.1 — i — jJ I Jx J a . -L- » J < . jjjL JjL-ajI 

j| ^ * i yjlallljj ■ L * > ajjLaJ.1 1 1 > Out — -t^ii 



(jl CiixaVI <X.j*,r»iU jJxlijJ . ajLU ad-i J-y II « t\ i aVI ^Jfcl ,«_T1 

"Phenyl thio carbo- J _Ail l » .« Vjl ijj^ (_y*J ^ ‘ l ' > oj^ 

I j '■ « UixsLi , u~h.jJ I <JjjjLa ?j. iA»Lx Ct.rw3 dJ j , * i ij i 1....L >11 my 1 

xlii l i (J _a kuil (J _LLJI | jl 4*i llj 4 — i"»j ^ jy.lt <jl | ‘ II j ^ 1 l_«V 1 (jA «t — ^Jl 

Cuua ■*•"■ ij J^Sk^ji.1 ^jx«VI — %-Ll t - ~ jld jA jjL 

: <jajjkj Jvdl (j jj-ixaV I OullL Jx li l . u l 



(jLajI _■* ..X’.H 

EDMAN DEGRADATION 



©KEKEKD-Q 
[>- 0 -©^^ 2 KD 
0-0 ©-Q- 0 -© 
£><iKZKiKD 
XD 0 - 0-0 



i Labeling 
JtUill 

i Release 

<s^ 

i Labeling 

1 Release 
iS^t* 

^£11 ^ jSLJI 



JjVi UjaJI 
First round 



ayuit u >jji 

Second round 



Biochemistry by Stryer ,> 



- 260 - 













XT! 


[X 




1 


V 


X 

1 


N 

II 


NH 


N 


1 




C 


C=S 


%/ X 


1 


| 


c c=: 


s 


NH 


\ / 


+ 


I 


\ / 


nh 2 

R,— 


Ri-CH 


\ / 

H C NH 


1 

f° 


t ! 


c=o 

1 


NH 

| 


nh 2 


NH 

! 


r 2 ~ch 


R 2 — CH 

C=0 

1 

NH 

1 

R 3 — CH 
3 1 
c=o 
1 

NH 

r 4 -ch 

COOH 


r 2 — ch 

1 

c=o 

1 

NH 

| 


c=o 

1 

NH 

| 


R 3 — CH 
1 


R 3 — CH 


C =0 

| 


P° 


NH 

1 

R4— CH 

\ 


NH 

I 


R 4 — CH 


COOH 


COOH 








Phenylthio carbamoyl 




Tetrapeptide 


tetrapeptide 
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Phenylthio 

hydantion 
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N-Carboxgan hydrides 



Phosgene £* Jtliill . j 
: £-» <— ^il I (Jtlijj 




N-Carboxy anhydride 

cyanogen bromide jjU ^jLluiII SjU JLojlmuI - j 

!_> <•> »! -> . II (J ' 1.1*^ ^jjlSUI l _iiLaJI Jx. jjadA-VLlJ 6 J .l»7l-ll <J,I 1*i.ijJI j i-i j t i-1 
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H 

R C — N 

l| 

0 



■CH 



■C* 

it 

0 



H 

/ 

-N 



f H 2 

ch 2 

(-S on 3 



R- 



-C- 

II 

0 



S — CH 

cr 



Cyanogen bromide 



Bi 

CH -C 



H 

-1st- 



I CS 

ch 2 — ch 2 — -s — 



CH 



R 



-c- 

V 

0 



H 

i 

-N- 



C=N 



-CH — 

} 

ch 2 

\ 



? ^"^3 Methyl thiocyanate 
CN 

-C — NH R, 



H 

R — C — N 

n 

0 



CH- 



/ 



h 2 o 



CH- 



7 

CH- 



•olidyl 

CsO horn. '■'« lactone 

\ 



\ ./ 



CH 2 



h 3 h 



R 1 



Amino acyl peptide 
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Aminopeptidascs r> >1 £-• — a 



* >*. t jjull [jfajl.. ij I j tiiLtj'jjVI a>1a 



iUUL 



Endopeptidascs jjVI CiUj^jyi - j 



: <ujii i_k 

c 



js <aju^vi ,j ■ />>! oL^j^>jyi 



Gly — Ly— — Val— Phe Arg- 



-Leu — Cys — Tyr- 



■ — l— lie — |— Trp — i— Gin 



T 



■**.i u'niii <Lij iji^U) oL»^i-a — 2 

J^yaa . jj Cil.ul wll i-p^yj jill j ;j5LaJ,l ^y* — 1 

b«s»« ^lll JU'iJI ixb-*VI Jj .%1J1 J1 Lithium borohydride 
(jojAjij (jS-«JLl .LijjjSil LLfdl ^ J s y_a. < yll ^ Vj — «V I <_>A«LxkJI Jx 
i JS_iLi *-*>-" b 11 JjVI oLjlil Lai <Ciit_>£.jjj— * jjSdl j jL I Li CjLi^Lil a jjk 

.a yi. , ycabjb.1 

COOH ™ I * * 

H,N— (t— H 



I 

H 

NH 2 

i 

R,-CH 

c=o 



ch 2 oh 

ubh 4 H 2 N — d — H 



R 






nh 2 nh 2 



nh 2 

R! — (jTH 

r 



Hydrazinolysis v 



R 2 — CH 

2 i 



P° 



HN 

1 

r 3 — <p H 

COOH 



-> nhnh 2 
R 2 — CH 

2 I 
C-0 

nhnh 2 

I 2 

R 3 — 

COOH 



Aminoacyl hydrazide 



UyijUll IjI^I (J i^uaKI 
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LlfJI j I. V-f . 4 ‘ ' ■ * » ■ 1 1 jvoljVI 4 » . jU 1 1 ftJxA J I ~ 

jjjj-*! J^ll I j yjx»VI *LaJt h jj Jj jlj j-il^Jl JJ <u 






: ^ujujjOI _/-c CiLu'w ill 10-6 

_/*ii]l iiHx4 CjIAxj J jvD jjilll ijl"^~tll (j-a ]_^n l.->.~mi~i ( ^ f jJ I .-il.,ii~ nil Jl 4 al .AVIi 

^■1 w~ ni l ^C- ' 1 1~ "k ~ tj. -a tjj mi ' -- j**- Jj oliAj yO I 4 « *~L -*'■ - y\£ 1 4 ,.tj» 

jTta-Ti ^^jJI ^1^1 j Glutathione J Ll> itijaj i<a1ijjj4JI 

LalfUl 4 t a ' 'U J\£. <JJ > ~ ■ ■ iy-xiLl i* J 1 '*!■ -t- jKll u »l ^X- 

(jaLaiVl jx — 1 ..J (Camosine) Ul <LiJVI c^aij Ji m ^ .3-* ji-S 

JLc f_gjl^Z — I A qj.I 1 »<»j j-jljJI L.1 ■■-. M -A 1 II ^7 jrwanlj Ll_tj < -i' l j — «Y l 

V D Cj* 4jj_x»V I ^L^a-YU i_ij^»_a ^yJk Loxj D ^y» jjxxal (j-o-aLa. 

u^ a '~ 11 “■ * ■ ' ->■ Artibioties < »j ■ ->-11 ol jl .. »nll j\ & II aJLl>j 





;l 4 "J 


.Amidomycin 


(>uuUj ) — 1 


.Efamycin 


^/wwjLaliVl — 2 


.Valiomycin 


>1 ^ jJli _ 3 


.Gramicidin 


j* ■■■ *■ — 4 


.Bacitracin 


J *— tliLi — 3 


. Tyrpcodom A 


J Jjli 4 - 6 
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w L-Lbuv. 



L-VaJ 



$ 

L-Asd 

D-Pha 

(tAi Tyrocidin (om = Omithion) 



L-Lbu 

L-Pro! 

V- 

l-Phe 



*L-L eu . 

l-dm =*D-Phe 

it * 



L^Pro 
T 

O - Phe 



Phe L- 

\u.^ 



L- Prol 

•if 

L-Val 

w 

-Orn 



Gramicidin S S _>UI 



nm n_ 1 — CO— > L-Leu 



^ L ‘ H ' S 
• Ph 



D- Pho 



D-Orn 
Bacitracin 



I7W «w 

_D Asn 

K X D-Glu 
L-Asp^ / 

* * 

Ly* 4 — L-Ha 






Ul 



OH OH 

II I II I 

CH— C— N— CH— C— N— CH ? — COOH 

I I 

CH 2 CH 

i i 

H — C — NH? SH 

1 

COOH 



Glutathione (y - glutamyl - cysteinyl- glycine) 
Arg- Pro- Pro- Gly- Phe- Ser- Pro- Phe- Arg 
Bradykinin 

Lys- Arg- Pro- Pro- Gly- Phe- Ser- Pro- Phe- Arg 
Kallidin 
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H COOH 

h 2 n ch 2 ch 2 c— n c h — ch 2 y:==cH 



o 



HN \^ N 

c 

l 

H 



Camosine ((i- alanyl histidine) 






i.ifli 



cys j 

]y i 

Phe 

1 

Gin 

i 5 

Asn 

1 


3 

1 

3 


Cys 

1 

7 

Phe 

1 

Gin 

1 

Asn 

f^yc 


1 




1 


pro 

i 




pro 

i 

Arg 


1 

Leu 




l 

Gly — NH 2 




(jly — NH 2 








Oxytocin 




Vassopressin 



S 



s 



(Hypothalamic) jl^-U >2*^3 jJ!l» laLtu i ^ < 2 >l . u"n^ ] I 

<-^.1 A;J| SxJJI i) Tyrotropich eJUjjS jjjliJI _>f)l 

Vassopressin Oxytocin 
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Thyrotropin releasing factor j^aJLl J*UJI 



Hypothalamus al^ll o.-o Sac. J*U1I 11* u^i 




h 2 o 

/ 



-CH, 



Proglutamic acid 



A 

V 

Histidine 
(6 - 6 ) JjXjJI 

l i~it t.-JI 4 Xua1j ui ■ «_iaS jj j ^yi 



-CH, 



H C= O 

I Prolinamide 

nh 2 



I*** yi 

iJUaJI 


aac 










J jli-« J-.lt 


3 


Glutathione 


(jjXU>KJl) 


►Ui Jljjj JyijJk 


9 


Vassopressin 




p *fc- j H t*|| if\l * 1 in* ■ > 


9 


Oxytocin 




L* ioJ 1J-4LC. 


9 


Brady Kinin 


JjjS t 5 J l>J 


(SJi^ 


10 


Gramicidkin 


«j^.n *** 




12 


Bacitracin 


0-— 


Cjli.A.A^.11 JJUj c ^» 




-kaiall 




18 


Melanocyte Stimulating Hor- 
mone ( NSH) 
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4 

LiMtAiS CiIjlujjJI 

£-* * '*. >^Vi <_jaaL«^wV! - v ^V J i tiiSjjjim <IjAa»> laLujI J-C. j I a jjk ' »* «~ 
<u ^»La. J£J CJ^\ ^ jj I^J JU» Cr-vi 

<£. j«a.4 l J-C. *U»I H ^ -w i Cilfc j ,Jcl££ (J jJl J-j.L— : vj ijj — a — >-o — I IjJ 

; JUU) UU4 1 1 ._ - Lilli (j Jj.aj V ^_L>. n 

<£ jiai til] jSj Cliaja.JjnjJI iAj-iJi j l/wsVI <tj»% * (J-C. <]ajLiJ.I 

JIa«~l ... Li L»y\x. j (jLa aJj— ^_>_i.VI £j — *LaJLIj <_jj^ w >SJI <jLf-JI J 

: iLU- o ^ j jl I 




- 270 - 







£* L£^11 



Z = RCHCOOH 

fe) 



Carbobensylexyl (1) 






( 2 ) 



Phytolyl (3) 



TosyJ (4) 



Trifluoroacety] (5) 
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(J-t liiLwj ^1 



RCHC — A. 
NH 2 



A 

ch 3 o- 

CH^CHjO — 




ch 3 



0A1I 

apvi 






jJjj-jjj o J'JI 
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UUUJLl 



uUbai 



R — CH 



COOH 

nh 2 



R— CH 

I 

c=o 



R CH 



R CH 



Uljl 



R— CH 

I 

C=0 

I 

NH 

I 

R — CH 

I 

c=o 

I 

OH 



IUiLU.1 



iiuuai 



^liUl 



nh.co.o.ch 2 c 6 h 5 



(J1 jll 11 a J j^Tu j 



.^iuVl £_* J2~lV I l v* > i j 



CH 2 CO [Cj j 

NH.CO.O.CH2,C 6 H 5 

i 

CH-j-CO.NH.CH-.COOH 

| 

nh.co.o.ch 2 c 6 h 5 



ch 2 .cooh 



HUN H 



Pal- jja. jjjffJI J cl) jj Carbobcnzoxy it <Jlj[ 

C0 2 j dJjj i~ i Jl Jmi ladiura black 
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CH,.CO.NH.CH,.COOH 

I 2 

NH . CO.O . CH 2 C 6 H 5 



H. 



H 



ch 2 .co.nh.ch 2 cooh 
nh 2 

Giycylglycinc 

+ co 2 + c 6 h 5 ch 3 

Toluene 



v_aL^vjj (A) Jl >_aLAjj ^Ddll JjjaoJI ^ jjSlj j-* t u^— ^ IjIj 

■>*■1 < uJ | 



CH,.CO.NH.CH ? .COOH 

I 2 2 

nh.co.o.ch 2 .c 6 h 5 



PCI, 



ch 2 .co.nh.ch 2 cofcTj 



nh.co.o.ch 2 c 6 h 5 



ch 3 .c.cooh 



NH— !H 



co 2 +c 6 h 5 ch 3 



H, 



(Pi) 



CH 2 .CO.NH.CH 7 CO.NH.CH-tCH,) 

I 

nh.co.o.ch 2 .c 6 h 5 



ch 2 .co.nh.ch 2 CO.NH.CH.(CH 3 ).COOH 



NH, 



Glycylglycine glycine 



jjLu&Xi 

(1) Lchninger Principles of Biochemistry worth Publishers, Inc, 1982 

(2) Text Book of Biochemistry by west and Todd. 

(3) Biochemical cumulations 2 nd edition Irwin H. Segal 1976. 

(4) Text Book of Biochemistry with clinical correlations Thomas M. Devlin 1986. 

(5) Physical Biochemistry, applications to Biochemistry and Molecular Biology. 

David Freifelder 

(6) Physical Biochemistry, Davcd Freifelder W.H. Freeman and Co. 

j iUI 1 ^aLu, jjjSjJI ! jl 4 il , w ilj jaIjj jj^all bwib j sjjGaJI it_, — * ■ ^ 1 1 (7) 

.1935 

(8) Biochemistry, Geoffrey zubay, macdillan Publishing Company, Secend edition, 1988. 
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CjLlu^jUJ iiiilajJI jljJ VI 1-7 

|v *11 1 1 J «* i t -Ml L~| 1 ' US 1 1 4 f j‘.‘ * 4 > ...1 ...| Cilluj/JI * J 

• J| >— ijLt^JI 

< tS u 111 a! I _ 1 

tiiX yJI i_iuLla^Jt „ i_i 

I «<-ul>-fc 11 &j U 1 m 1 1 ,Jilll : ■*■' »»*■ j_r» II 4__lS_l 4 111 all j* ”j 

^. Uj . t i. 1 ^* 1*1 il l v_iJliJL j^J! . tMUjII j] .cuLl^JI .~-N r ' H j ■ < t.,i..,*v, .lllj 

• vljUjjlVI 4 X. ■ »1* ■ ill L~. t\ C\ j_i* U < 4 J I ^t_il aJ.1 ^y* .<Jcul_jJI * ->. ,^VIj 

fail j dA^-^jVl Jil jlaill ■ *■ H JJa-Sj 

kl>lllj J_>J villlAj ^jJI ijl -lj .t-vJ I Jj 1 ! ■ j\ j mil yUl US . . ii l « ~|JL c>^l i A lllj 

(\>*i *JJ j Jl <iL^l c>Li_ S jllj UjjVIj 4 jj^JI Jili ( 5 _>— i-l 

<— » t — 4 — a 1 V I a — ^ i<. t r.ljJLI ■*■ 11 il n jKH J*i. « UU-v liLlujjJl 

ia.LaJI ale oj&j tjaJlj ^ - 4 - mi l CjOjjjJI US {^v ^iSil l 

^ IU\1I ^_>o» Jj wti . ale. Lf^aJl i_U'jllt ■ **j.‘ 4^-1 J 

> Jj J lj jjUI Ij Jj-4 Uuj^i < ■ jjU Cilj oil J* a « II alii* 

(Follicle . Utrii ll J>*jj+JIj y^^ll ‘(j^I o >*-»*) 

* 

I+IjSj >-» . 4 a il 4aia_e alii* US stimulatiog hannone) 

•U^j ol -ui-j-J L ^ - 4 — i^j 5000 J_i1 .►(j-Iolj Jjj Ij i j>i 

.jjjj^L-JlSJIj J^iU jLaU o>4jj+JIj Jjjjj j^jjjSjujjVI 

O^kliill j ^+-4 jJJj fkjil I 4 l »--v~ i i — ^3 1—1 u-qji—J US 

j S_> U l 4* > H vjiUijj il CilUajjj villi* j iJLSVIj JvujjLU I 1 14 j J iA.iJI 

— ufll iUjjjjJI l 1 ‘i4j lU^^llj 11 ■■•*•* ...yi ^*i_i -y. li i^sJI 

.1 . j .a IU 4 U jl I 
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Catalysis jjlaJJJ - 1 

j 4 d»l*j jiVI <L-cdjj >L»-j ^lll <j!L«_jSJ 1 .-.NLf. t i_lM j j. ~‘ j 

vlillj LjLajSUI vI>V— cLi-lll ^ » - -> jl_, 1 jjfc I . .y.j . ^ a. .-.I ~. ■" j j- |i 

2000 d* j-dl jvolaJI CjJ jJI j J-^-jjj . kljLa-l jj VI <l»-kdjj j *-»-~ 4 »ll I I (j i 1 j . Ai I I 
0 * 

Jc.lil!l d* lj-»-*l« lx. jj jUj ,^1 — k*u l— fj-» -> ->■ I j JS ,dJil_« ^j^jl 

■ a l > % J I (JLS-iiil k„ ftl*> j,a 1 1 «l ■ 1 .*i t \ 1 jjj 

Transport proteins ilalill cjliujjUl _ 2 
d® CclljjVI jl oIjj j^JI j VL Lajilj ilalill Cjllujjdl ^.jlj 

, 4 V Ij d . A_r VI ^_J 4alojuijJl kljL-iS jll ijij jk~ . L»£ ,j^l ,J| j ■ Ar 

»lj — * — £kJI jk^JI L V — a. (j a j q 1 1 i»aj jj : cljULlI (Jii* d~> j l - f . j * j j J I _ 1 

^U3k < <ill-k.il 4 -k. ,,.~.VI <La. -^ -j j jklj jll ^dl j_«U l — a Jtf- (sy m *>jVLi 

.OUJI JjJ jjJ i-uliiJI djll aJ-ku^Li j*> ju^jVI jj-k’i dll* 

Jl i> oIjI* jJI ollujjdl a 1* : Lipo proteins <ol*dl olidj yvil _ i_> 

. P - Lipo protein CfZ jjjja J _ 1 - liu Jl« d-uitl 

: illiSj^ — i. 

Jiljj Jcuj Jj yil t .»_l5kTl <jjlaJI H — I — M f Vl (3 6Jj.. ^ J — a Uiljmjjj dll.* — 1 
cl d» II J3Li. {_Jjl.VI CuldUl jjjilj <<ill — *VI jj^jLarwVI dJj-Sj .jj-5»j£Lll 

.<JLLiJI Jib J1 

oljjj^ilVI JXlc I ciL»jj-Sj.«»I . i«i I L$ dll* <_jl L*£ ~ 2 

_>dl Jl * ^ d»l * 4 — c»l k - *1 jll 1 Jiij (_j.UI (permease) j^aj^dl 

.££jjJ£jjIMj jkjJI 

Storage proteins JijlaJI oUujjjvll - 3 

■‘lcv ClljLill JJjLxil JJ idl klilljS-a j-a <j1Ij_»JIj *l»..dl oIIacJjAJ! 

jAjl-JI jk_*j_jJI ijjLiJI (jyLaJI J — d) Jka.1 d““ i -4* * J l — i-1 — -cJj dll* jji-» 
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iwtil a JI j ,^c»j__l 1 I j^ciL-i J j (Ovalbumin) 

"Ferritin" £jG,AiJLi 0 « ■*41 Qyj/JI .<jSli*JI ejli-ujjJI (_)-c 

' i.'-v II ,j^ixJ I I 4 I v ~ .jVl j 

Contractile or Motile Proteins iualfiiXlj CjLlaj jjOI _ 4 

(j-o (J£ Jjl jLi j a. I — (j l ^ .i ^ > j\i — Ij J ,_yr\ It ~l~i aj., 1 t i l CjLojj jjOI ^ 

* 

(3 Ijjj ut L* 4 -a loo . rv aj I i c. (Actin and Myosin) j 

.^LAaJI jni. UiUJI j dJjSj Jl '‘Contractile system ,# Lh al3ill 

Tubulin (j^LjujJI Jlo IJut j<i i o ts< j ~ ^ Li!Lij& eilj Jl < — si i^>j 

"DynehT oOj J 1 j 

Structural Proteins ii-LiS ^Ul CjLIij jjUI - 5 

(Supporting fila- jjLm^o +. \ ^ * 4.1-., > yLll olxi.* j j\l\ jjj — *JI llI 1 a a 

. <Lj \ a - >■ I lj 4 — kjl — I — >JI <— iMUl .it J 1 ^ lr\ll j^pll ^ jlr».. *«« ITlCnt) 

j\ \ - 1 L-J <— a— j - -ki l I CjLjjjj^^I gjjil J — J~A J < iIa — : xV j 1 1 

* 

(j^- wii^JI (jC j US <lj — a ^ ■> £ Sj — d (jl — Jcxx_> ^jI,a 1 ]Ij w-i 

jj — a_Li (jl £-J»j — ujj ^4JI — II (elastin) ^y ujWI <_)-£ kLi^Jt ^g^_ * L -» - _ »j ^ a.. j 

^J-Aj (j\_iljni!l (jx> a 4 4 tui J-C (jitljJlj _^iUaVlj jJLjlJI -x » . Lzk_j Li 

(>-iJj\JLi Jt a*_ l — 9 CjJ i\ 1 1 II <flj — 4> j J-I j- -V I I k_il JV (^1-iJjJI l al .^Jjlj J^C. 

■Ui jS i_iiUojj jw^iu Cjlijjjjj lJIIa dJj (J| <il — tol . "Fibroin" ^jjyvjliJI 

. "Proteoglycans" j^JI oUlSjMill 

: jk II yt ^lijJI CiLJIj ajtiljJI CjLlaj jj-J I _ 6 

Jjj ^)-a jijj l$AJI Jjjjl J-v£> <J — .XL . -^ . 1 1 olljliJI (ji oljjjjjOl JjJ_xJI £-jtjj 

o^- Qjj—aJI jj-^JI 0^^' u- a -=>-S ^l^li 

ir* l^'j "antibodies" _ SjLaJ .1 j*L^VI jl (immunoglobulin) ijulUl 

y^_k_aj I lIILlA (jl La£ . Cu La jiall l * ‘ ~‘ ■ .Ij ’ 1 ^ ~ 1 1 -W ixj t O Lj_xj J jvC. 

LaS jlc (jl. l . t » ^j-aj (^iJI ^^11 < kL> . y-A Ij tj^— *J J-^L) 
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ricin j-i 1 4 j » >* 1 1 tiilj-u j j*JI j L i 1 1 .-j » ■.. j | U* 

. <jJLkla^J1 « IT. 1 \ I 1 

4 flIViU CiLj-u jjOl _ 7 

H . V U1 ^xkH-i 

> ^ J l (y£> <J l a , 1 S, , „ l | 11 Ij . - I i 4 . >1 I ~w II . ~ I I L 1 A ■ I I ^Jali (_^jJI mu VL^ 

^ I Vu jjJI *AiJI c-j ' i. a > (jU^« _>4j <x»LaJjl 6 AxJ 1 (j-» (jj — • JJ-A -'ll t *\j 

pLu«aJ 1 ui *h cjL1xjj_/v 1I dUj J | 4 jL^o| ->j . . ..It^llj l — A ..ujj >11 ^pL» 

. "Cell membrane receptors" 

ClLj-ujjdl _ 8 

oN-iLj^ (j3Jl Cjlj-ij j_/-!l £fC. < i-i *>o — »J1 <_»1 i j — i^Vl Jij — 1 

L$J iiljjjVI tiit L ajJI (j Sjj ^.^il Monellin Si. a . J 1 - v 

■ 0^1 o ...jlj ijjjlj _£jC. I -i W>~ 1 ~ > Lf jJlj jla. f. « Ia 

: oUujj jvLl cLultcJI 3 ijl >» ><tl Cij Ulajl l 

__p-uJI 4 .*.1 l a K 1 1 oljjuLi-ll j Cillu jjJJ i-uLuJI Cu Li 1 1 C<5ClaJJI 

: j <-ul jJI Cjtlyj^rJI {Jjjl J-^ 

»m!I ^L^jJI iJtjLua — J7 . J^jJI — ^ ij»jJI JarfV* _ 1 
^l.^VI ^ j I — • j5L> J < jKH ^jjjjJI < a * .S ^jlJ^j : Lijit— a11 CiIaujjj 

^ ...»" j ,(3^100 J ps. 8-6) I -jj «~ _/J J *jL£L* — * 20 - 15.6 

. jil o^-j Jl b* 

.<*X±±1\ <Jl=JI 4 (3^100/^5.7-4) JV3J1 _ 1 

.^,U1I <JUJI J (3^-. 100/ fi. 3 - 1.5) CrJ^^ll - v 
.<^Luial\ <JUJ! ^ (3,—/^ 0.5 -0.1) E 
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: i ■ * a" : jijJI JiAi CA 1 1 

. — 1 '• (Jill la-*j,aJI — 1 



CaL^K 1 Ull (1) 

Ca 1»^K 2 Ull ( v ) 

lj_U (jr) 

(I g A, I g M, I g G, I g D, I g E) czkij* L.K (j) 

: CiLj-ijjjUl L$-ii (jill oVGJt - CiL!ujj_^JJ i-»jj < uaaVI 

. (Ali=JI) jlSiVI - I 
.(^aLaII ^UaJI fjjll) <AU»^JI L^ 1 U*vi - 2 

: CiLuujjGI ^ j^l.iun Lfrifl j-Aa ^ u ^jjl o^/LaJI 

.",>1^111 <J£JI V 4JI" _ <J£Jt ^Alj-I _ l 

• oVU- - 2 

, jjjAJI (_f j_ajJl A^jJ! c^U — 3 

: ^jjaLua!L«Vt l-4-»-4 ^A* > j _ 4 

• i1aj>^JVI 

.^jJI (J Ifln ,^-a 100 j ^-C. 5.0 - 3.5J 4 ll 1-L AJI ‘La nil _ 1 

.^>1 jlil * , K i I . 1 1 ^ ! j _ 2 t .i All i, til, _ 1 ij j-i _ i^i 

: odf^JS 1 Ull 

. (%33 - %17) <WJI i^UI _ l 

.j.i-vll JtUUl j jIjJj _ ._> 
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jitnifl'i 2-7 

* 

I { K . t j jllAJlj ^LjaJI <jLIj J-c IjU~l fl fk. . ju 

: (J 1 gjljjj ^L»JI 

Simple proteins iL^JI _ 1 

Conjugated proteins <L : ^1 cilip j^JI _ ^ 

Derived proteins iiiAll ^ 

: ibjLLuxll CjUlu jj^JI 

: JJ “ ‘ *~ j lill £,•£ Cy* Lwol a-> 1 ^illl ^J1 ~ aa 11 jjfr- 

Fibrous proteins <L>a JJI otjjj jj^JI _ 1 
ael^JiJIj ^Ua-Vlj *111 j i_>jal V « — — dl 

4_ii_lLj LfJj ^^11^1) | J < k ■ A jl Cal_c.j Jk --■ ■ ^ *1 1 :k. j J WJj 

i&jjj) "elastins" Cc^VVIj "Collagens" ^VjiJl l*Je i£-»VI <> j 

ale. ^jS^j (^ill Fibrin alia <JJ — ilJl 

. 4_lAj 1II vlllllljjOl illd jkjJI J U j^k J 

JjlaJlj ^Ul*JI j <UjIjJIj 4 — «1 .Ajl 4 -k mi VI j (jOkV^y^JI J — : LASkV^jiH 

^.UIaJIj >t-k llj <lx>ljJI 4^. tutVI j Ij iu./ij » JJ < .. ^ Ia A » 1 1 jlj jVtj 

.5,1 el — aJI ■ ° 5. aJLI aI 'i lij pill j *‘,1 tlf. ale jk.*A^ II d|.. *** 4 - A l*^L jx 5al — a 

(j ly*» r u. l l 1 I jAkLk 4 .1 t* .A 4.1 l-tll 1) I (j“* kjl 1 ijr^Vjillj 

j (%25) ^ <j—A (J-c Jj kiULijlj/Jl ^ ^SjI^jVj (jjLl— a- — -J lj 

. 4 » >*i^a 4 ~ , .. . ~. i j^jja-ifJI L»1 k/— kkij ^tfkJ I ^y» (%25) 

teVjSJI) 
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i_ujjj 3^J - lu «VI l ^>Ia^V1 J ■ ■■! "‘~ 

Oj>JI u! .c^U^VI ^ iJli JS j Jj-^j-A 

4 — >‘n ^jjA_ >^JI 4 -K-." Ij i <iuljt_. — LJ j (Triple helix i 

ij^< jI—jj j 

Lysine * — ili — .VI l^Lo^-VI ^lil J il~>— ~>1L ^Int j 1 — D1 0y-» l^r> — ^ — J(j 

,<Li_unill ajji l-v«~ V la 1 > _/\SJl l»ni < 12 i 4 i 1 >_» n»> i Arginine 

rt'iTi mil o' i A j^JI _ 2 

lJ-c. <L_u 1 .» o i*v 11 j*l ‘CjJajJbJI ,Jj> 1^»JI A i i yijlj <1 -v l ~‘» ^all oljaijjvll 

i>*J Lolxll L - a .i-’ v a Lg-aSJ J jjOjJoJI lj I Cr° -C^J oLalj^rJI 

Cj 1 oujj\J 1 J_c. ^Un i j . Sj(j ,,^> II i_i-im y\Jl I i ill JVj Ij-i (J-C. <1, > iV I 

Ij « Proteose j « N^cteprot ' » > ^ V L» ^ 1 1 " 1 1 

.UU **~ ■■■t l oL-pjjvlL ."Pepton" 

^Ua.Vlj till j ^LjjJl : Metaproteins LLU.1 oUujj^j □ 

CjLjIsJ! jl ijjjJtll u Al »-v sM j I ’X 1 j «<Jjl»ll ^-V-oVl (J-JLa-o jl oj— £ _>il 

. d Q aA^ 1 1 



I (3 3 >i£ i * Vj frULl (j oL i. .^^11 6 j a ljj j-.» ! Peptones kjljj \ 1 1 1 1 □ 
. j^aLi-o^JI dljljJ) J iJj ^3LoVI j 

ajlj — =JL» Irtl^fc — Ij Vj till (J II j — Aj l PfOteOSeS Ciij^-LJ j jJI q 

1 ^fliuJ Clj _/vlJl ^jA-ftl-Zfc. J 1 ) J-oV I Cjlaj y\^_i ^ ft *■*•>*! 11 1 L» 1_U"/JJ 

Puimary proteoses <J jVI U1 Secondary proteoses j^JI) 

s 

C-I l jj ^ i JL» j Sjlj — ^JL K 1 ^ \k Vj 1 *^~fc >1 <*-11! (3 * — ^ — i 



Conjugated Proteins iiaaj^U CiUiajjjyJI - 3 

jvj jjj , ^ tk 1 1 j y\_i ! yvc. £-» LfLLujLi < « r. . 1 1 jl I q i j « ■■>*> 
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; oJllJI £-f-»La-il ^,LS jil £ ^i Jj \ jlTLiil ...~. 

Nucleo Proteins olixijjdl _ i 

LpLUIj StyJI J, j Ji.j3 v2jL_£ jit 

jjA^U. £* U . .... jOjgj J !—->-' I 

« jg » ...J 11 j j-fi < C-j n -y tl 

Chromoproteins CiUujjjJI _ 0 

(J-iLl-il -Xi.i J-C. gH_2kJj O l ». £ g — A £_A 4-.U i - . .. ijl L-i l't t I J ,^-tl -Ui ■ J . 

t — » ijl, 'i~i _ j 4il aXt 4 u _ i j jSLajj .Prophrin jjjggig^jJI J-*-* <iii_jJI 

H Jj-» <jj-lit kIjLijjjg\D <Uij jil ^-AuLa-II Jojjgjj .jjljlil <U j ~l. -a", 

. JJ-lAll Ail 4 tl I AgoJI Jt I^J La g g~ 4 1 . .. 1 tj r g If g a i j II 

Uj^J I J-A~a.l ‘^‘^J f iJj-0 j-n ^J. 'l , %' l oVipJ^l ( 1 ) 

Jllij .(jAjfJI) *.lj-s^. ajL -kAjj (j /u A j II) - Un i. Oyj^j ,>. 
(jiU-llt j^cAc. J-C C5J^> cS-^' i'j (*J J .I. ’iit l J_c ^jJI 

An-a- 0-“ J- 0 - 4 - ai* >*J 

Perritin (jC-igvill Ji — a — ^.1 <Ji a! Jt 1 — aj .._« ^ljj>_!l j ^j.. i \ " It 

.^Jl ... Cytochrome ^jgS jIjLJIj 

LjglaA u^JI CiU-Ojy0l ^-4 ajjCJI lj ‘l jai j-»J . jjUil J-CL V o'Uujjj (2) 

j jk^L**U \ O^LllJ yOl <iL}jSij ijXiUI j ajjot^il jO^Uil 4 — * — J — ao 

. ^ ^ 441 ! 1 j I jia. jV Li a t a n i. lj i .- i 1 

Phospho proteins ajuIIuj ^ iJI oUA ^jOI _ ^ 

jjglo ^ JLiil JS_Aj Jj jj—i — aij_»J1 jjAjI—3. £-* < U_ i_Ai ,t)l oLAjj^JI -UA jL 

CLAj^JI Jr j ^_aJL l a ^A Jj: <X_* V I j .Serine l ^ J n— Ulj (Thrconin) 

.gAull jlCia j "Vitellin 1 ijJiilAlIj uoiaJI ^ ijj-kjll Cuscin jjjliJI 

: 1+lLL-o 
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(h 






« j ^ f ‘ tii 4 l i..\l Li * . *w- 1 1 j y . p a (2) 

— i — i_% 1 1 j) ^M—aVI 1 JjJI — ji tl — LI j <_ijjuJj V (3) 

. j ■ , . . * ** « 1 1 cjLjj JaISJI « ■ . L .~ il 
(glykys) Glycoproteins CjlAAjjjdl _ j 



a^jIj >-», oljjjjjj . a > a > jL y I i i> < *'>»“ » (sweet) jl^JI 

oL_»AiJI j ^JJI Heparin ijl nj II Jjj aJAllLI oil J\ .«jl £-a o 

oIa^j a a Lk kA i oI_^>!£-m. oIa — j ^ . 1 1 A_i^_rk. 1 1 ^aJI Mucin 

ijL>_ -> .VI j a-^jj LaS .Uroninc djjjj-JI (_>Aajv V .a 4 . ^ll %..*> lTj \jZ * i) 
<>,1^ ^Jtl* ; .Glucosamine Oy»ljj-£ ^KJIj • Mannose j^LlI Glucose jKi\ 
oLoSj j\ — 1 — 1 * Molicu • Biuret ^ a oLjajjyvJI 

.<jj1j jl^JJ 



: Lftljj) i>J 



"Viteous humor" ca*-U - --^l 1 jj v 1 ^' j j j^jll Mucin ^jJ .1 _ \ 

ijj till j >_ijjjj i A i a .Aj 11 a lVa 1 1 j A . U 1 ^ 1 lj AjjUJJ! J .1 ill Jj S i^j-a _jj— Sjj 

.AaILLII ill jUJI ^JjJI -» » 

^JujLAjJI j j-£jSj .Mucin 0 -*, >^ll t> Jjl Mucoids oIajj£L_L! _ v 

|Xjx ' ~ ■ j ,< — n aoL^JI a ...-.Vlj ^.Uajullj Tendons a >1 aJoj jVIj 

■ OLljliJlj A-jlj-k LI (jAjIaJaVIj till ^ ^JjAj l|Ajl A*k.J A ^ m' lVl 

. Cjlj ja jj^JIj [_]^a j ac j ^aJI L» j^Li j ajj^.jil Aa^JLI oljjjj^JI _ r 

Laj^Li oLjlj j . -k .ll A- -> — j oLlajjjdl aAJi a — 2 k. jj j : a . j , j j> aJ I oLj-kijjjJI a 

uAaaJI oJ^Lill lP-® jLtan j ailjSj -I ■ Va_I 1 jI .l^J (jji* L-^ — >ltlj ^aJI 

1 . .» t j j^uj . ^jA aJ I 4 _ a iLujjdl jlajl Ak . ~» > jjSujj iLipo Vitelline 

■ A l'iAJ SaG j^k A "h. ~ L» J_c IjLOcI tJAlla jjjjl (Jj 
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(1-7) Jjxa. 

jJt- »l^l iUij ^11 CiUujj jU! £l^jt 







OyjjJI 


^.1.1‘V H j 


<a1j ja.v! 1 


Phosoho protein 


r Jl / CtijZ - UK 


iL \j >1 1 


«>uai 

Muco, Glyco protein 


JjJjJI — (jZ jrjJi 


oJW' 


Metalloproteins 






CxlAail jyvJ 1 

Lipoproteins 




^L^Vt 








Nucleoproteins 


_ wuj — *i* X . ..» 11 


< uii ^)I,V jI* J iKtil 


4 . *i i ■ N A 1 1 oljjjjyJ) 






Flavoproteins 




u^jijjfJI) ^*-11 


<i4j|Jl O LkjjjyvJI 



Hemoprotcins 



: <JJ Lj-taJI (|* a n J1 1 j(‘>1 <»il Cjlj-t-* j f j > > u^*^j 

U f ‘^-7-11 Jjjj * ‘J- 1 °*' 1 ^ 

Ciii^VI ^Luk.VI »i* ^ f n u- aJ I fj I j| J .< . J ^L-^ul ^L^a.1 

ijiLuol JjLjjj L|-uc»jj*j "7 <»l jjJl j 

■ M-.1 1 : ,> £ji)l J-t <£-*VI c>J L~VI i^u—VI 

■(j ^. ^'j f ^I' lj 

. 4 <jj*i <*jj ki>lj — v 
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Proteins of low Biological value JUI 3-7 

. ? i . u" n 1 1 1 j 1 ... M ^ j ijjill <jaaaV 1 (j£>La^k.VI J-lr. (]) 

ii i *■.■ ■■■' ■■■ j < l'l lj^/ 1 (^oLa-^-V I (2) 

< i > '~ > v 1 1 < I ...I .nil j oljjJlj < a t~t -w 1 1 . -.1 <• j a ^11 ^jl . Aal l j-jjjAII (3j 

cAj^JI jLuVIj j * ■ »* ~t » - 1 1 (4) 

i,\r. j: W <1,^11 ^LJI J£AJI (5) 



l jLl iVi (JiUu-aul olj oIa^jJI j,i£. (6) 

jjj olj CjLc. CjIa^J |»_a < v~ > L * j jO 1 6Ji^.^JI £- l * — s-j (7) 

■Jl* 

_/vC- jt ^ya £_» i^jljjujjvll -loLxJjl (8) 



Levels protein structure CiUaj jjJI o-ii j3 oLi j:u hj 1-3-7 

oLs— oJI LajA^JI >UjLaj a JlSL4.l_> j>.lq A Ujl 4 uLu ~'l - j ' ■ ■■ " olijjj^-11 

!(]'■■" . l~v (j Ji J r. j^LLj . - . I \ i , , a M 4 ft 1" - - I V I bljj i Cj Ljuu j _/^-U j — uL i — 

. (1 - 7 J1AJ1) *LJI 




(jOjjUJ ^LiaJI j> .IVl~.1I (1-7) J S4 . I I 
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Primary structure 
Secondary structure 
Tertary structure 
Quaternary structure 

Primary structure 



^jVI _ 1 

(jlgll frlggll „ v-> 

Jgllill frLgil_ c 
£_>l JJI frlggjl _ J 

JjVI ►UJt - 1 



1 a Vl edj5^j 4 it I-.VI V I j jf c I- 1 11 1^4 jj — ~~ ~ * j 

, frlg.il I I.LA 4— mljJ a gi jA.Jg OJggggJI 6y%gg*VI <g-gtjj ^1 L a £ » 4g Jggggll Jgg^l _gj l J 

,4±*1£JI L*jL*j1 £_o yLal^ . a! 1 I ^ K m > 6 J JjloJLI <g.l i~ i ill <J ■■■! ■■■II « 1 --A. ft i 

(R) * t t‘A-^11 4,1ml ...H &j jSgil iit — mil ^ 'i fjs ‘ “l^gl 7.23 Lkja5 jjjJI 4 i l ... i \ a 

.ab-gVI i _ i Lfgig ^gJIj 



Nature of peptide bond £g jgj.it II 3 l 2-3-7 

b-j/iT. tlj (jjggl ,_>AgbfrJ LaJ I JuS^gjliJl <J J t -~ 1 — I Jl I g _ 1 

.(jlgJI jjjg^VI (jAgLaJJ lUI 4ggggVI 

fr l'i ill 4_flLb • 1 1 ■ i iJ- ■ i liv i i^j jLmJI * j -- Jl 4_L»l__S 6jJ..grt I |Jll 1 i ll ujLh - 2 

: 4 J-lJLjil vlil.n'iiilJ ^^ggj^gJI 

H,N + — CH — COO + H,N + — CH — COO 

j . i> j 



I 

R, 



I 

*2 



H,N — CH— CO— NH— OXf+ H,0 

'll 



R, 



*2 



<L».jjjil (^4 %40 JjUg IfijSLj CO NH <gjgjggjl ilul^l v WiV t _ 3 

jjmoUl jij "Resonance system" o-lUjjJ! fUii v^ 3 ' eft 

O O : JUJ1 



— C — N — 

h 



O 

U* 

h 
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S_p^»Vl ft ,Vi Wr 4 ii^_^ 4j.l-i.-1 i_jJI Sj^oVI |_>lii —4 

L*jjS 1 j -uJl & K mi _>. | hi 3I ml j .(Planar) 

: S^rvjill R £j-oL=-_« ■*■ -1-^1 (jjJI 4at IjAII ijlcVI 4iil oljjjjy'JI tj I j 




Ja-i_)j y-i-Jlj (C tt) 1 . all S_>j ait Jxi a ijja-t. tj •* jj ~ ■ ■*- * 

,4j1.io 4j.u1.vjJi Sj-o^/i (3*-?-^ ^/jjJjijj !>jx- j-a.a. » 

: oGjj jj^ll (JjVI cjjS JUI j^bil <L U» .ILi u l,l Cil^ioiiJI 3-3-7 

:4jJlill oLLaJLi jVJJJ 4jjj_«VI ,_^oL»jk.VI » ( 1 

■^-viL j-kii ^ui jusji _ 

.(J L~w.il 1 ij-a 4_rwiliJI oLwlj-wil 4jjl_^t^j jj. j jilt 4*. j -y ill _ 

.4 li.uVI | _^oLtjk.3U Jjl-vlll _ 

: ujjJ* o- 1 ^ {v 

.viiljjj jjvLl JjjSJL! 4ujj-»Vt j3* — 

• 4jjIj jjxll j jUI — 

(^^1 Jl^il L>* 4jvilili S j* .^»ll 4j jilwll (Jj-ubLuJI a at ^ 

. 4jjLij^ 1I Sj^oSfl £+**y (a 
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mino Acid Composition ^U^VI 15 ( 1 ) 

T \ J 1 Jl-OlL jkLilil ,„L-yj CjUjjjjvJI j i aV t l _yoL»jk.Vl /! (jxil t_j) 

-Q d « l~. ~w ^ j^Jcu >11 Ij-A (j-® ijjiiil QjI^AJI j js. I ^k_l_l L* J X-l lOl I I . | J 

. . -W ^il JjLuiIl LV 1 ~>- V‘ l_>il Jtl*Liii*l : . ~ L V ill'll _ 1 

Polysty- J Jl~ill ^jLLlJI < l'u* aa ^jkj — *“ Li — “ VI i_^q! a *>VI j-ta — D 

. rene 



^ . n I -y ^ dal ■ ^-vi » ^uj ^Aj 1 j *_J i ig l l j V I (J jLuJ I Cdl j I j r. 1 ~ , n i I c*\ 

i ' i ■■• All <1 ...1 ...11 j aJj — =>-^11 jj jLjJI * — ila- J 1 CH2 CL jj — o 

d fl i~i A l | . " l 1 . v aV I ^_|LJI j-o Ixj La J.* j « 1 i i ■ . j I 

CH — CHt 



-CPU — CH — CPL — CH — CPL — CH — CH., — CH — CH, — 



S0 3 H 



so 3 h 



-CH., — CH — CH, — CH — CH, — CH — CH 



S0 3 H 






S 0 3 H 



S0 3 H 



— CH 2 ~CH— CH 2 — CH— CH 2 — CH— CH 2 — CH— CH 2 



Cilj oLLuijJi (2 * 7) jiAJl 
JjUUI 





SO3H SO3H 
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Chemical methods ijjUajill JjKII (2) 



\-j-ilt * i i t i n j <, i‘ jLlaVI A-kiVl i_yO jl %."k ' J_£ , 1 il'i 1~> (jjJl j jlcdl ^ya 

* 

i3^>» j LLiLoj C->j& j 4 naLa-JI <jjLlaj5UI jAij K-A l .1 r. Laj J.C. a '- a' t a 

.^Cii-uVI SU <-Jjt ia k*C 1 1 C>^X.L»jJI 



Pns 

I 

v f , 

A^n 

Gin 

I 

His 

, I 

LtjU 

C T 

Gly 

sir 

I 

His 



Gly 
I 

lie 

I 

Val 

Glu 

I 

Gin 

I 

Cys - 

— s-s — kys > 

Ala— 6 err 



Ser*~ 
Cys 
Val 



Leu 



N 



Val 



W 



/V-Leu 
Leu v 

A.r va! 



Tyr 

\ 

Gin 

I 

Leu 

I 

Glu 

I 

Asn 

I 

Tyr 

I 



Phe 



-Phe-Gly-Arg-G'u 



Cys S — S — . ^y 5 
Asn 



Tyr 

The 

\ 

Pro 

I 

Lys 

/ 

Ala 



i 



JjVl jjilifJI ^ JUI i^uUsJ JL« 






ujj dj Sanger ^JUJI JjVl (jjLlJl -£_P ilryjj^ Jjl 

.6000 Ajvii 

Sanger jjajLuj iij _ylo ^ > dna 

,j-o 2 (_^o I jui j j : < kli.a. jyslJI AuLfjJI u^u — v— «V> : Vjl 

■ Jl’i 1 LolAj < v’ifwj^lll <-il$A]l j 4 Ik k.-aV 1 A ~^V I 
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Lj— V 1 : lillA* _l^.j ; <A JjlaA : I kjlj 

■ <jl| ~>ll nj_A j 

j r. VI <!u^w * i~> i ><> j — iiJI : LA] Hi 

2 .’li-n ysJI |_yA-«L^ , AVI <i»L*_. Auki . <A_A — ^ > — u ^oljl 

. B J A Oj^=k_Ll Oj*IAJ-ll • ~jl _l 1~1 1 iJ ) 

'l \ ‘■w j .lilli j I 4 l^rkfl jvj I a jjjlIII ulJjajjjJI J (^oli A ^V I : LjuIj 

^ q~ jfv <j 1$ jj Lfxa < fc\k-^kjyvj Jjl— L$-> A cLxX-iJ 

j tt i a 1 ^_Li 4 i t B <1^1 mil j Lnj^j »Ca^IjU-l 4,VI j i 1^ - 

4 0-1^-ZW^yU A 4,1 ml **il) Lft^ .ijjoWl (Sj i’l "^ W | 'L/O^l 

— -N- ,,-.) Li a f^ya 2 B l Ai > CyStdc illVk aa^uui jjA-oL^. 

vllA talMi 

: JllJI ^jlx^-ajJI JjVI ^LaJI ^ O^f j 
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to 

M3 

UJ 




£PT??S2 22.? 

mcck’v: c c r wj w 

II II II H II -y II “j 0 || || II 

~ FT £' HI ZB EL 
e: c o - ■< mc n W e 
2. o g; 2. n | *< ST 3' 

o r> 3* n W g II II p' n 

5‘ ° cT n'5 fa f> 

n p PJ T] 

G Q. C. p 

B. CL a a 



o 



3 

r» 



<,^^3 9 

"-I h *i a fi c 
n II n a it ii l. 



» n 

£ 4 & n 

fall 

n m. h n 

3 B. 
a a 
a 
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(3 - 7) J&^i 

{£jiaJ1 JjVI ‘ ' ■< ^Jl 







: JmiWUI JLl JLia 

ajjiLill ^ ■ * » ~ L 1 ^ s' . «i 1 « n 1 1 (3 4 -a VI J ml. * * * > JjJ— 

^o L a^, V | » L&JJO <L/Vj^jy\JI ^ 4 j aj I j 4 ^ ■ J A Aj 1 

Vl 3 ' al ^ ‘ (j[ US « 4 i . w~ * 1 1 1 ^laLlftlJ ^j-oU^Vl ftj-A J *«i l *«* " OxluJ ^ 

^ yC a ^ t-> a i% JSJ 4 ^-jl .>*1 Jj 1 1 ^-LiLil I (Ovei lapping) «— *SI _^j 4ia-4*>j^j oj >* <-jiS.il 

:<jJUJl <ij^tJI •— l-l ^ 

^ ^iJI ^A^UJI ^1 US . met- trp- ser- pro Jl J-^Vl j^lU 

phe-mct-trp-ser- ^1*111 J^L-iJI ^Li loJ <OyVI JUaJI 6* ofJ^* 

. pro 
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(jlj (j-iLuiV! Ij-a J-x 0'—““^-^-! ^|j‘“ >— ul — ^Jl (^*mj_^JI <Vt 

i j lA-*V VI ^jV Ijlkj j jjyj (_j ^- J £rx«VI <Lc^Ark_» ^_Jjj (_yiil (_jLJI lA-“VI ,_><i_aLiJ| 

^UJI J.„,L^- JI aJa- arg- ser- lys J-uiL^lIl Ijjj lil .lui^jjUJI ^Lflll 

, 4 -> t4<->ll (j L*£ 

^tUI *QJI4-3-7 

(Confonnalion) <j> >_> 1 $ JLJ! < h^qjj ' « "» (_y ill ^ j > “ 41 jAj 

< M I -a A » i £— o ^uiVL^ll &i-A ' sLfill \ jJlaj O . V — ul — i l)) J-u, V *4lD 

: Jli-iil 4 j}Ij a -Li t .r-A-Vlj (jjjla. 

( J^uV-jjJI ». it I t kiLilijJI 4 1 -~ ■ li-i ■ : ct-Helix liJI — 1 

. t 0 ,Ai> ,^X 4 »Ai1n11 

La v_j lilll jjj jjli Jl iJ-^uVI tull Jcujj : P-Helix ^jjjJAJI IA-jj J£_«idl _ ,_i 

0 

■ l _ r *ffLJI oLujj_>j j oJOaAo -Luljj jjjla Ljj jLi. 

fJl* — » (-L1l]| ^ya : II li-A j j • Pleated sheet (_f^LaiM ^ . . l I \ _ — a. 

i_aLfll!L» j>->l ml u^ll 4 itt A. tt j^aljVl (Jji-ilo (jlllj 4-ij V-jII jLuVI oli 4-u* — ^a^yll 

: !^-l La l^j-aj 1$ .A-».) Jx. ^jljU.lali 
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The alpha Helix kill 



0 

jj ^ l—A lJ il i ajLIaJI ^L. j ^l-k. II j-\ < \\ 

‘ y A ( 5 J is* < U fc ft’ i 4 44. 0 Ijj^^j 

^jl LaS ^ ii/>l ^j^i-aLa. jJSJ (Filch) 1.5 l jjjij <Oi.jJj ajjJL k- 

k‘>^ 0-^.1 jj ujjA^' jj^- 0 " -> ' » * * , » k * V1 i _yO \ A ^ R £-A-oL^ll 

iijjj ^ 1 1 I j^i>oL_^Jl ^-a l aJ I L/kW! 4 C.J A ^_L < IX'i -•% J J J— JU$ 1 1 4 Uv . ^ Ij , 

jJaU-k I ajl_» (^ aJl i-A V I i^a LaJl ln*^I 

oU^-^-SjV I ,> ii^JI VI o'j .<-.^-.^i 

J V* 1 1 1 ■ \ V t 1 1 < \ -a. A L^O 4 Li-^JlA 6j J 13 Cj I 3 4 ojL»~A^/1 sZj j Ij 



CjU_lj jjcll d ' M ' « '< Itj tLub^jiJI Cib-J-oJI 4-7 

V Uk, ij* jxJiL Hydrolyzed proteins LlU <11^1 1 c^kk jjvU : Taste ^1 (1 ) 

1 ^ \ A 4 Lfl\U ^ » U 

4 iUi a \ *4» » Ca-^- ^ * A > » 1 a\ w <x» l_j < l- 4‘.H oLlijjjn-Ll u*i d : Cdor bJ>I^JI (2) 

cjk»_>ll _>*-All <o2lj 

^ _u_i . a kJLc. < uj_y_^ (}.j}j\ vjlj Cjl — i— i j o : (j-tij j — aJI uj^I (3) 

, <Ljj^c. 1 _h-H ~v a a.lt‘J.1 < > . t . f VI J5lk Lijlij 

kkkU oU-~)l (4) 



: CiIjlujjUJ AjIjJ^JI (jljjVI i3> 

jjl .IfJ <jiL^jill --- tft .^1 1 ^c. jl*ItlVL. (jljjVI i >i* jjaill aj. u . I-o jjk JllA 
>^1 j JLa. jS ,^1 Jj u .» _ > t aJI 0^1 51 j^kh |^k »-a 

.JjiaJll SjULI (j-o < > 5 «» »j>>a 
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(4 - 7) jiAli 

.liJ) U ~> n Jjia 

biochemical calculation, Segal <y. 
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• (till) jj ixuujjJI 



: (4 - 7 ) JtAll ,> ii^^L _ 1 
S _V*~ <jajLiJI i (Turn) »ljjJI J£ j olj jl» 3,6 1 



■ uj 3 ^' l> 

■ jAa-k ( J£J yk .- X il 1.5 j) (A) pj.r ■ ■ • < ' 1 ' 5.4 all I J^lo «- Ik 1 _ 1 _J 

4 i i*i l -v II ... V .nil ■ I ..i~ ^ I jkjj-auSjl 6 (till) ^ 

6 _f-olj Jojjjj <j. '_m_m I 1 5 y^oVl j <AJ JJjLik 4 — £j_a-k..« ,J£ j lis^ au_Sjl Sjj jl _ J 



*Z 



ASIA.-*. Cj V 



( 4 ) jt JJ aj J *- xj 1 N H JuC. 

1 _ J < C *4 J I j 3 W ^p*oljVl 6 J-A 

y : lal! uJ ^ 1 £* 5 " 

■*•» ioI^vj kliMi iy> — 0=Q^ j NH ( j^j .j4 11 y-oljVI _ 1 

2.8 = N 0 iiLaJI 



.ftLvjVI ^ ii *j ijjjbJI — 2 

■ L <■!*» ' j VI t jo l a -k -V I a . -, . _ 3 

- j_r -■• < ^~‘l 1.32 — C — N C£i <il.kullj - l-vIj ^gj ~ 1114 j >11 S/^oVl — 4 



. U a Q Ca JlC. ■ nlft'iyi i^i J-k. i _ 5 
£jl^ Ca J— ^LkJ) _ 6 

^,>=*11 J1 ^j!>* uJ^ «p^b^ oi - 2 

. ^.,1.41 J JC .kill ^ xi^ n l I_i _ > 5k yU 1 _ 8 



(}- pleated sheet Hu HuX\ {UxuJI oIj <uj 11 jJI i_uSl>il 

4 i.i *i . ill «Jl |jvj 4 — 1 * 1 1 ■v jj. l — i|. l l j--oljVl < U i— ii - *i l^-l I Uj"^-* 

jj^* oU^-kll 4 i ‘ ii -V JJ.,).,.i| Jl _^-oljVL-* <4 1 kil l m il (_^kk»J (3^°^* *J 1 ■ jll 

■ Sj JJUkll 4 ■ ' 1*1 ■ i II Jj^laJl Jj ~k 11 (J-^ 

4-k~,~. j "anliparallel" ^Ijill Ljliill I <jjjUill J— J' ujfc 
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Ai-iLi Ij-A £_»j HAjjjSJIj <iij^ jjtutll '-All I \I1 J1 4 ■ '"‘ill i x a ■ ~ ■ 1 A 1 -v ~ I ■ 

ciiljjjjjvLl <jia.lAI jLliil j Ijlu j <k 'A i olj <AL'i.ill (jAjlj 

* 

(1)-“ IjIjSAiu! (Jil Lfjlj <-i jlji. aJO*A« <jJj_A_jlj — ui (Jx (_gj-. ~ i- -t . ~ i (jjJI 

.<AiJl jr^£. <y >Aa. jjjUfJl jvoljVI j j^-j iJl j jaj (_gjljjJI aiq ...yJ j-JI 



<jj^j LaJl ^jJ^laJI (A° ^ ">■ tAlj Sjj uu ■ ■ i— _/vll (jj £jjJI ^ j-* i-ill rw t 

_ 1* * * 

1 <jjJ 6jj i/it UjIa j.. > 1 ^ Lt ..1 |j < l k 1-A. A fl 1 

3.5 * ft AO^ml <-Ui — aVI ^^sLo-^VI £jaj rJll 4 fil — tail I — 1\\ 

. 1.5 £-lj-l LflJI iiLail J\ a-*^.J I 



^jt, J!Lq 5 ^Jl_^oJI R t l!> lj | J ' ■ ■ I - . ■'. H Aj J*C~ " 4 11 La VI jjALa^wYI l~ «l 

(pleated (_£ jAill ^l-> >AI — > ^ - ■ -■_■ 1 — a jl ( P) Li_u (JCAll Jl J j . ~ > » Ca^YYIj 

jV(parallel) <jj 1 j 1 a SjjjCL. <j.vi_~i_j.j ^ ^jiu tgjJlj structure) 

A~w V i(J m^t & Ji a A. > ji *-— I** i->- jj .1 if 11 jnualjYI <Aj-uIjj ii * < **> t -* uOb-^ 1 

. (5 - 7 ) J_sLiJl 
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(5 - 7) 

.3, 2, 1 1*1 ». i oVj — *i 

J *rt Lj-U l_i_J ' .1^ I — *_j 

Beta- pleated sheet IIl. _ <■» »■«!! 

Biochemical calculation, Sepal 
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Tertiary Structure ^jUuJI ojS jUI 5-3-7 

JjJ j |JL»1I yiti* i— u£.p O-i^UI y\i- CitljjjjJ-H 1 

* + 

1 il~ij LaLal 4 1 '»■! , ..II ^-Wt“ L fc it^ a \ t a ~ 1 1 .-.l.i n k ill 1 ill /j j ^ln-J 1 

- U “»«' » u^ 

a J. v » 7 ill .~.l 'j~ i ill ,2^ (T^ T lI m l u (jjSjJLl (7 /jjjjJI (6 - 7) ,J£-*iiJI j 

: <u 

.aujjjSJI ^ Cg'.LJ .Jl JUa3l - \ 

. 11 1] 4 1 ml t.a] I a . a ^% l'l i _rt^JI <laj|^ll — i_i 

_ £ 

: yiUuJI uliSJUI £ ljV» 




■ .Ua I I ijllij ■ .Uall tjjljj CiLalt*IVl — 5 
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,,>j j 1 ^^ — 31 .aII ^1 — ^Ul > j*v* 1 1 j y^S 1^ V i 6 J-A jfc_A ^ — ■■“ J 

- /Ll-JI a ■* -Lljjj CjCjS _jjj <LkJI O'"-* <-aAIoJI yvC. J^a IjV I . jL_j_a_i 

<j au /i jJI iJSLljJIj < i iiL^-ll 

jjVoJI jjjQ-JI _aaS jUI Jx JL!u 
i» j^i^i-tLuJl 

: JU l- (7 - 7) JS-iJI ^ L > 

d 1 ..A w.l < rw .jJ~i 1 J 4 >* *Aj jj-laJLj _/l£. Ci^iL^JI <i *i*l ll £_1 o Lz-k.n (^jl _ 1 

. 4-o Lc. a jmla <_» Joj-kj 

*_L>UI <-k!il.iAflll <J M*JI Qj ^ t j j — ^ iu^si J J A J — 2 

^. MiJ I . t ,< yLlI j 4 1\ laV I jjALa^VI c>U^yCi LaJI jlfUlj J*ii— ill . \ ... i V \ J I 

•JjVI 

^Jl HIS -18 _Jlj - (Met- 80) 80 oyj^U i^LJI t«W- ^ j - 3 

, 4 j j < r A -v aII < } »»|<1 > > y\^ Ijl | }J^J 

j 53— i^JL* tf >Vl clSj£JLI dlKj His— 18 j Met— 80 Jl LUji-4 

• j LT^ 3 ' t^J 3 ' JI 4^ 

Quaternary structure £jl^JI *Q-dl 6- 3 >7 

Ljlj^l u Ax J ^J^la l_$ — .o XJ £-a OyjjJI U^V LT 0 

j * a~ 1 t 1 .-it .i->- jH jLaol 0"* a l\ il l Ijjl <JLijjy^Jl <-_ijLlj <1=uIj (J-* — * * — *^sl — 

1^ ijir j».g II Jjfc J a\l l Ijjk Jliaj .Cl» » I C-lL» -% a 

Fibril Formation tJUJVI - 1 

^ 1 -T. -W 1 . J 4 li >1 Jl^iL ijltli Ciojl ijjJLa 0 ^ K i l /^" ** 1 * 

J| J^ 3 ' i >• Jjj -» ~ » H Lfj J‘- ^^. » ePJ' olluj^rJt »j— * 0-^° ■£-*- 

. Collagen _ .-iUVI 
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I.AA (jjJI £,i ■ i ni ) (JL-tiill I.AA ^ Q-^aj — uj <(8 - 7) (JSrfjJI jlij! 

■ * •} iiy t_ ilaJVL) ULfUlj UljLil ,Jj j-»-~ I I 

jjOJI ij^ut 




(7 - 7) j^LmJI 



-C fjSjjjUJt ^ JUjVI ^>11 

j Cili-aVl (_^ot *-> VI ^.u\ ) lill _ CjIj j A^tfcl ■ ‘I I I (2h* — u 
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SjjjkjJ.1 < ui|Jl yill yjjil .«) Ilj (jO j .Ai l Ijc. i<jjjli_i]| il.nl .nil 

. « .. y i < ji uVi j 

Princviplcs of Biovhemisiry, Smith, Hill 




(yjj.5L»3SJI) sJUJyi ujjC c*l^» 

(8 - 7) JtiiJl 
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(2 - 7) JjAaJI 





J*UJt 


J-UJI 


( 


, * — JiJW‘ 


Jt idjl ijjuu 


(J-SUU 


J 






<-il »rt l i'.l 1 4* J -fc.\ll 


oujill 


s' 4^- 


.jL ID ^Uil £. j^XJI ( 1 ) 



JL _>-»JI . O j j a ««Vt pi l^llJLJt 

ij-Ul ,'j->JlS-}\ 

i^lLljjjj ^ ]! 

ImJI »ji 



lt^-> f !■ 

ShJU iilXJl -JLUI 

Cu^i\l ■*■! * -■*!' 

slJ t «<oJl 

jj ^—1 V I sZ>t i Ik 

C*l— 5 jj-* Ol_>—L — «V I 

;:>ut 

-LJjj- 0 *>J — -VI 
L-iJ-JVI - 1 1 - » 



dlil^VI 

>ut 

jLL^Vt 
dl£l»V1 
jLliiVI 
jLL^l .dliLwVI 
JL_>aJ! 

jLLliVl -dlil^VI 

I yO ' * 
■ J l_.‘._LdVI 



jl -' — * *11 

jluOiVlj 
jl adVIj d-£ t—j II 

< >*C l T / 'kdl j V I • jl! ' 

04 ' 



jl IViVI o ^jj lLd — »jlJI 

m lL Jj J J fcf Jl J^il I 






iilliil ii^sJL iAil ( 2 ) 



^iJI (/L.^ 1 ' J— -A!l( 3 ) 

<£ j^Ul 

JLs^ii- « j^i ; ji}\ uun 

» f*l n'~ - - 1 •_ ^|iJI j -" - H 

tjlLjlI id _ i^iJI jT-Sl 



JjUi- :uJl (4) 
(5) 



oixilLjjjji^JI 4 jUI iLj^JI U.DI ( 6 ) 

<j\k .ILjjjj-^JI 5jUl JjLlil Lit (7) 

^!luljjjj^ji|J! tjlJI iAJ VI Liljtjjjj jj S (8) 
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= 10 ' 



CiLIj J ixu 4-7 

LflJk-a J*\ * ti ^y-i LlA j Ia j 

. l c^li - 1 

.(D) jLi^VI c^li - v 
: <oJlill <J jlxil fii 0 1 *11^" ^ V 1 <J.XlU ■ »i _ £ 



f 1-Vp 

i »s V 
I ,-,l dij 



c-LLl ^ JLk. f ■ 1 1 * "*■ ^ CJ^ (^jl^i f/fo <La^J> J-C Jj^-4^__^J1 aIc 

^LqJJ j 1 ^^LilLo jrvr. £/o jyJI J-C Jjj lj-^— fl J— ^ .I^JI J-C- Cjjlj oij C? 

: Jo Laj Lt Jj J rwT> aj 4olr.j t L*o> jl 

. ^]/J V |j J. L j I*C i ' I^J | s_fcl \ ^ — 1 

. j — 2 

. -M l 4 a ‘.~l-q y\r, JjLkxi j yJI — 3 

(cllipoids) jjLLI Jl* (^oiUJl ( * »^ >U l j>^ - 1 

.''rods 11 jL-^ajJI ajj — ' — i 

ji tA-» J|ydl i t * L^J J J ^ “'* * * si 

Li. jj l^J jjlj LLu.ljli! ysi. » * .. <->*! » <1 .< Kj l 3-?-^ J-*- 1 

.^ji-i^a.11 (jjjJl ^jlj ijjjSJI ilr" 
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Precipitation of proteins CiliijjjjJI jj 5-7 

Salting in & Salting out of proteins oliu J^I jJIj ^jiaUI (1) 

j! OtjJJ^S jl JkJjJj-xJI JUjJIS (J. Jjl *_j O Jj U * <— >' l <~> ! >ilc. 

(jl .^jUVI t jjt JiSjj Jxj 4jXjj > U ‘ |J Cjtj-ujjiJl jS . — .VI iiil— 

Qp-h iijl Jj (j^JJ^^-ll ol-LJ J^h. . "tl*. ^ JjLlU Jl J^JL* XlS jJl wJjJxw <.. fc I ■* -* 

t>j-A ^ . ■ ■■ ~ j .(J-uaiijj j« a^Vj L$-»Li (JjlijJI Ij^J < -v L - ~ > I J i — .VI oPjj! I — $ I . -> ~ 

(j-o Jj jj JA4 <Jjl*jII £^L«VI (j-o < 1 vl ft 1 1 j.i— S I J.II I — .1 lu^-jl SJI £ J I ~»U -i SjjlLtJI 

jS Jl i Salting in jUljJI £ » P*. 11 » ,iV. , h^j <( J^t^il (j (jPjj 

jl >— i i-k l^xilj} SjLc-l (j^> a ij <<J j l a ~ l I ^jLaVP <jJU JqJI I ^ „~ 1 1 a*j lt*J oP-Pj^^JI 

. <jj._L.oV I jj-ot . ~^ VI 4 » i jtl Jx jij (_jl <p£ 1 jiiJ (jl (jj*ij — ^« Xf . JjSjUl 

aUqIj jjSlI Jj u-i-i .ijjjlll oUpj-r-ll Jx P jSl US iUUiLl ^V — .VI jjjj 

Jxk.ljJI Q -i. l j- n J L a^JkLPJI iii . q l"i 4. 1 1 Q P. jy\ I ijljl (j-o .VI X»^>J 

_jjlS 1 (NTl4)2S04 jj»VI ■ * ■ I ~ ■ j*S j i MgCl2 Jx» *’**'• ■*■" 4 -ijPjJI oP^jVI yvPl j 
JU ij.iU.VI oP^— Ul oil oP jjVI (j. JPJjJI ^uLuJI jx (Jj„ jo .~k.ll JjP 
jl US KCL .vll NH 4 CL, — «Vl NaCL. . ^ 11 

Ionic ijjjjVl Sjlll jx x.ixj oPPjjPI PI jl jx jiJiJ iUl » . ~ 1 1 — .VI < — lLI — i 

. Lj ~ i il jl U». j j Jixs (j-Ujjj^JI .111 ■ t-v -- 1 £.111 ^Lil Jj strength 

uU ijyjx-ll o^j'j Sjljj (9-7) JS-kUl q-uojjj 

ulj^j VI ^jV^ll JjS jtll ,j-» viLiii. (jSxj {g jjlj oil jjVI JjSjj Jx jaI—jj ijUj jJI 

: UUJI iJjUll u^vj 

p = l/2e mZ 2 

• ‘jiij^vi JjS jj — p 
. ijJV^Ll = m 
.(jjjVI = Z 
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jjLaJLt 4 Jclu »I l^j jaS _/UI (2) 



jjUil iZjljjjL) kLl LulJ J _/\J I t-L . J ! Jlj I jj 1 4 < U . .. Ij 1 I i $ _^Jl 4. L 1 f. C 

i J-& a .\\ <iil_i oLj L ^*j 1 /Jl I 4 ft > j . « 1 i 



.Zn +t .d^l UI++ lf j^jlSJI llg ++ j^l 



(9 - 7) jiiji 

K-, S0 4 ClUjj^S JjLxill ^JJ.1 J4jlj 

4‘ja.titU JjLxj 4_ijxi ilf-i ^ii.^ALjJI <utj| Jx. 



ixj 4jVt Sjiil 



3E 




CillujjUl die jldj jJI iiJalS 6-7 

(3 AJjlj ,>^"^1 (JO*jJIj — JVI (J\ « frill j jjil jJu oUujj^JI l ^CXJLj 

jjjjlil! Jao cA^li]! j jjjJI .-■l‘n*j_«.ll <JL1 aj < l (Jj-fr ^ II JjJL=»_LI 

frill j i— 'jji V (j-M _^iUiVl ij Sj^^yL! Keratin la-'Ij^KII L»i .. iaIaJI <3 

OH iIaJjjj ( _ r ^jjA_i^Jlj "Proline" iIaJj^JI Jx isj >— ^ yjljj 

i < ft l"i ^ 1 1 11 -w- ll <3 cjIau^j^^JI I L* j j i ^ ~ — .i_i ^ toVj — ~^2 II (3 Prolinc 

. (pH) JJLaaU ^Vl Jjlj <4J ^La-j^JI ajj-SJUI Jslj 

.(Isoelectric point) JjLoJI cUi: j ildi <^1* 

: frUtlyi j i_siQ£fr.VI Jx t*~<~ jjill ollij jjJI J^oi (3 jla — 1 
: 5 _/Vj 2 ajjAU ^Jl-vll j CLiIajjjjvII <Liljl 

<^jd (0 
. VljaVI SjiJI (2) 

■ CjljJXttll J>JI CaiIj (3) 

. ajI^aJI jJ (4) 

ijljjl dilj (j jlj-iUiJ tliJ V jj2JI CjIauj^aJI ( ji 2 » ‘i — till _/\iiil 6AJ »j 

. lj j.» It, lit. (J-uAj t J<ll,J,«n~IJ 4-Jlc. <_1A4 JjJA 

Denaturaticn of proteins cillu^jUl £-u±a 7 - 7 

•* _i I ft - 1 J li-kj jj 4 — IJj < — all'll 1 jl — * jV1 j 1 1 II >_j 1—2 j\ — II ^l.l t » ^jl 

£_mJ.I < i la r £_iliJI jiJojll j^c. ^*iii ill . ■ 1 2 Jt 11 — uuj .(Denaturation) 

: ^-aJU uU Jil^j ."random coil" ^1(^*1! ^JllL. 

.(IajjjjU (_jK*frJl J»1 AMI jjltiii — 1 
.<j|jyl oJbli j (jIaclLJI — i_i 

• tliljjjj^rJl ^ m i 2~ i (jlJI tliLfrj_yjVI aj JJ j a jLi^JI A. 
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ajfci Sjl^aJl 0,1-3. jj Q-uill <- i J ■ u (jjSj l — *ojc 

.<aa*L«1II 5jUJ £__>i Jj. ^- lI l w> Jii ^ir.!iUI £_^JI Iaa q_v-1I 

8) <jic. ^ * >« -. « . » A. I I i i t ] 

(sodium dodccyi sul- _JI Ju clititl j) .(J^ 6 J| 4) c 5L.l1,(j > . 

.phate (SDS) 

CjUlujjUI j jjy-iMA"! ,..l 8-7 

Isolation and purification of proteins 

'*■'« ^ <_u l >. a I Oj L a Ij i n Li ->.1 1 1 1 it L I ‘,i j tjLxu j\j 1 j . l i~ I 

► L-jiSJl * i\ i i _j j-i 11 .-. I 4-^d i . 1 1 . ' -v ■ j 4 i g.iiij -i. * ...V) 4 L 1 A r 

i4_it-i_o J **“ jj ■ Oj Li-ij J j-J I /d^ JJX 4. il‘i* ,vj ' ° a . 4 i" l i -ti l 

LfdaLuu > i i~i (jjJJ 4_il~vJl Ojljjjjydl J‘ J~* ‘ 4 i ll il 1 Qil iUf j 4 i ... '*■ jll .~il ilU~. 1 1 

^Ulj <_ ^-i.oVI "Homogenization" jrjJU j^-U... 

m > j_j^zkl jjio cllxA Jjt ■! ^ il*> _ jC Li^LaJl (jljii. S' — uu 

4*. j^ ~H j\ ."Grinding With sand" J*j]L ^ u ' b < Sonication <£ 

.,Jl*_ll U» ,.A.!Lj 

4jJj1 jl^a S> y\^-VI JL>J -j_ ■ •> l 1 <4 — 1 I 3 JI c Ij 3.1 1 ^ .,1— ^ j ijM 

J^yC. .iVt k-t. «i wula -• 1 (jvtjj\Jl Jx. ,Jj -i-. ll J — xjj »jj— uai <-■ > J ■ > 1 >! 

jIjjJIJ <\t .Ml Jjt — <U Sj^4 <(Jj— • Lil— — Ci_>-S j (jxll _)— i-Vl oljxj Jyd I 

.yjiUj .... JU1 .^jL-UI ^L..:JL .isolectric focusing 

JaLlll 

; cJtlJ) jjlxllj cAi-jjjjdl Sjtij ^L. l. &-.- 51 1I 
uUXa (3 -* ^Ljj 4-xll l—J Oilipjjdl (j-« (JSJ : jjljJ jJI 4_jJjLi _ 1 

.wJ-MiVjll j_j.3jt. r t * >«l ^)X. 

. jjjLt — t-J 
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. Lit j jjjLiJLl ^Ji-o oLLuj^^-JI d oLi^S-LI i_. L .*. L£ J 1 _ j 

. < c_i-c. 111 I ^ _>U 1 a 

. <£. I <_J lx. (_£ I .uJ I l J ^ ^ l — j 

Jx jaIxj Lr UI Ci lo-Lij^l iJj-ctf (1 * 
Dialysis ^LiJUl j^iil (i) 



■^-£-> ^Lxj < LxL>)^JI ‘U-L1 ^ 11 L;lj jVl (_£j <_>j ^ s^> Llxj jj y\J I — 3 <i & A j 

^iiai ^ *u jLflJJi c LijJ 1 ,JLcLXj-txi) ij c cUj J n~i > tj — *ii — *J1 _jj dl 

JllJI 1 1 > <«i -k JJi. jwLUl oLj-uj^JI jLijJLi 



^Liidl jyJI 




II j j i _i j-ijVl 






LxJI 



iiUSJU £jjU1 jj ^^11 4^ jUI (o) 
Density gradient (Zonal) Centrifugation 

jLiojVl CojLLo 4-JL_£i < c. j— S jjV t J-Jl 1 1 j kjtljjjjOl < kLL_U l^>lkj 

J j^LuuJ l is^ lj *-* **• .1 i*iJ I 4_ & i j tn j ^ n ® I — a (Diffusion) 
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'_ya jliS 4—-0 JJ kJJjj J15> ..i~jl .,,» ... ->. <_lLajJ) ^kjjj 1 » jl—jSJI 

«-LLI £-<> ji i ^11 L^j — a A LA .. 4 — 1*\ > ~ — ujVj J> 

. 4a^ajV 1 I i3) ^~A j Li-* 

' - A I 4 liaf. < Cj_^J-i'il 4 jvS Jx. ol— 4 — Jaj J^jl A-v II , 9 \ Ju sJJj J — *-> 

■(_u_klijyjl £.11 3-0 Ju L^~. aUAj 4 Jl L. 4 C . yvuJ R OlOl jIjaJ! j ^ 4.8 V' 

J • fc - j 4 1 \ - -j \% l 4 fl i 9 A & J J | ' ' 4_i^__k_i *j/ l .- <1 > jy . ^ n 4jljl A.i lj . j-1 — •-* - AJ 

.( 11-7 J^iJI _^l) 

( 11 - 7 ) jsAai 

^J-Sjil jLiSDl Jj.ul.mil I (_jj jaIILi olxuj^JI Jjuas 

. ! I jij 

\ / \ V 



j h . ‘ l ^ 

j j jS- — -J ^ i ij.*>~t 1 1 









~ 






:&== 




7'.% 


m 

rt 


— 


*yiy> 7 




_- ■ r:--- 




y 


fee 

m-i 

5j*«rv;r * >* 

”V? .7; 


jUSJI Jt.tli.oJ) 


V>..''v. r 




JjjiiuU 











■’u^ 1 (£) 

Molecular- ICxclusion Chromatography 

JL>JI J\ "gel filtration" ^u-A^-11 I — V 

."Molecular sieve Chromotography" 

4 _, j< ■ ■■ .-• ! a~ .t.j. "Sephudex" ^uSolCuJI j|>a »1* j J« »~ > — » ~ .j 

"Agarose" —1' _>1 ajLo^jSI .iA V lA-* Bio- Gol j'i .hjaxIa 
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m V ^4 4 a 1" a l* a J~A j-» -^ -»- ~ j <a Jdl.il I 4 .j*C .,*11 

ol^. jA j <jl^ljJI CiLal it, tl (J t j * A a j -fl 4 fl.lj.%-o 4 otli.3 j_/Jl 

CjLajjjyOLi 1 2 - 7 Ajl yJeut^ 4jiilL-o 4 x. y^xj J^aj J I i 3 l-iJ *4 — B 1 j ~x-o 

Cj^-yyyJI Lgjoj <lfl ^k. jta>. jylcuJ iCjUmi (j ^-y.li V <jJL*J1 j— ^ - 11 u'jjV! *lj 

wjlxuj^rdl La) iic. j-^a j j^-a *J J uu ijl — oL_~3l (3 J-i.d4 o _/vj .^aj I 

. a JjJa a otaL.iLI ^ya < U 4»jjJLI JjIjjVI Cjlj 

d tM 2\~a .t. 1 1 jx (jjJI (2) 

Seperation procedures based on electrical charges 

Lf-> U ,s\ JJ 4jjL»^£JI <JLi — 4JI Jx J — a — j — *3 oU j^nJI ti-^> — 8 j J-b Jj — 

lylij y 4 t .lil l il l (3 VI ^ ia! vtl ^j_a jjx. 4 nool Zfc Jlj <jA r L all 

Cilw) tliJj ^jJL j^jLxxJl 1 4. ifl 4 Lk t-oVI ^yoLftjVaVI » ll’jjjj i_^ijkSyj i3 CjLlxij^rJl V.*l ^ V 

j 1 1 K iy >. \ lyj \ iyvjy _/\-U ^ t "v l Jl JSJ ; j J ■ * ■ '> ■ « < . >■ ^ «L^ Sd_diLJ 

i — 34 >:!!-. a i j 1 iA Lao__al ^ 124 jx (j; j .'i-kii u; j-JI ' Ribonuclease 

<-l-i^_iVI £— iaLvI 1 Jxoj y~^li (j < (>-uL_^JI Jl <_sl i>al R 

.43 OlLU! 



<Qa~ui Cilj CiUjjxw CildLujjUl 

^xaloJLl JJT- Li-SjX lj| «njLa3 I Cj J C l_ 4_ J I * ^ a jS-o-i 

jjJjJaJI ^JcuaJI Jx fi.lj jil <_ ljj — aVl ,^oLa^SU < 1 — Cil — ^Jl i_4“bl iaJI j 

.(13 - 7 JlAJI) 

. Cjlia. <_i 4 *1 1 1 j ^-liaV I ^j<-»aLaJI ^yC <j^jLjJI < 11 1 aV I t ~v. 1 1 (1) 



<jI — jjJI (j d j — =djJ>l (j-JJ aVI I — aJI ^ i ~»*i j^dJI <—. lLi £. i a I — ?s_l | (2) 

. * l 1 1 ...<j , J < U 

i II I J-li «_yi.~ Jjjil <jdxlil| u (3) 
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LxxjJ! * \ j mX ^ -y .J J ^-" ^ 4 ^ ^ t^T^V ^ ^ ^ jAj J ^SlJ l O l*> 1 1 J jy\ 1 ^ Irt 1 , ,n <iljj jjUj 

oL^ Jfc u ^L JI u L ^ ’ > jj_, a_^i |i^ Lactoglobulin oJ^ j & >£V 
^LjJI jO*j 5.3 - 5.2 j ^VL ^ jJJl j *xll3^o ^irw J Jjqjft 

Oj^ u a^*uj 6 ^ 

jlOiiLi Isoelectric point UjIxUI oLl^-AJI <Uil l <j!jVI j3 6 Cj/JI l ^ * 

i 3 r-» 13 -l*j j I ^ jl i * 3 ' l _/j VI j <3ok_^ii» ij| V U^iJ I |_j^ 

j I s&'i\ u - V"> J J "V4^ ' i3 4 — -^.—T; I aJj /^Ojj\JI 0^*3 — ■?* 

a A A ^ J L^‘i 4-^jl a ii i a ,*^ d 51— 3 — -o tj oLaij/JI 1 A i.\ . i <, zk j jJ ! ajjfc ^_J-3 V I 

. <_kJ ! J y^X. qIjuou JIj LlJ^ZX J I 

l^VI oLc^jJ 4 ft.U, ^ II ol-l-Lj^^rJI as\ a ««<Vl Ijjfc 

«* 

. jjjljjJI Lj il*> jj jjjLiiJ !_>Jaj A 4 J 4V-k .Ml (J jL»~i * ( j_i_l^j j -i^J) 

i_UjJU A.t-i mi ^-1 d‘i j-'v’ii l 

oLu-U.1 4 flL-j^l JllC. ■ > ■ " j\j tUI (3 <JJ_^-II s^jlj-uj ydl — a 4-iljj 

j ijljj ,^,1 jjj “'Vlj Jj-» ^jjl »* ill ijj — - A-aJI 

■ i .i-^J I 4_^£>jL» oj j>. j_Li till jJj — aZ i< u j-il Sj a j ^ — IjL u \. > j j . ^ j * ^ ^ j J 

. <_Li.^il C>UjjVI 1 ^/-J t . 1 Jy'^JVI 

.Jjj~ JjjV_jj*JIj ij^pl— ill l Jj— “ L j- L iLa-a j 

• ijljj^JI <JjIjuII — «Vlj U^j4 
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( 12 - 7) JSjmJ! 



l-i — *j ‘*1'“ 1 11 L.ll 


o o <S 
0° 0 ° 




00 


Jl J_> — 1 u 


& e 




m 




m c 


1x5 

oLljj-JI 




Liui oi jivi 
Sephadex 




J-OJU 


m 






4^jj 


w z 


Poros disk 









oo 

W 2 

w 










s_r-Lijj ill 

c-*L>n J 









t « > J I Jjaju < i t~ i 1 1 ^l^akVl Cilj Cjllpjj^JI jj J^i 




J jLJ! <jl *f 
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: - 1 

Cj-jLj ,ju*l j CjU-ujjOI Jj-ai 

» J ^ J J J>a-4 (_j»jL J j L a j O i J J jvll jik jj 

j »\i >y u-^ijjjjjfc ^t-i 4 ti* f jkLjj ( 1 4 ■ 7) .*. 1 1 (j-ii 

4 i , l~i -> a ^ ^rv-jij CilL-iJjOl £>j-4 Jj-yL <A ("^') 4 ‘ ~y * " ^jjj<JI 

. B L"° (Jj—I A UJ^-*J 4 '■ *»■■■«!' j' ’i. J_c <£^oJI l$_u t a~h»1 

.lie _JL_JI - iU.al l £-Jj*a j LJLJI i L ~V i 1 oij ^~j l*k 1 ■' *U-A ^bO^J 

il rtft ll UoLujI _>lSl (lAJJT^I (j^2> »_iLa]l ^Jyj j *y J1 -y a .L-k 1 1 . .."> 

j»j Atl JLAJLj B | j-a ./Oil 4 -JLm 4 >-> III (_ja*k I <jV 4_ii_^_a. ^ jyyjlj «■ 1 ~y. ^-1 1 

. (jji* tj * '"> ■» 

klU J -S J — -k J I ,y :y JV. 11 (jiiAj B j A ll>^ (J 1 -P * 1 

4 i -- I '■ 1 1 i^y> ijj» <4 >~k All jljJLO ^J-C. 4 L ..>y>_>J) 4^y. jjJL JiAJLf.l 1 a j 1 .,<->{ ^jl (_f1 (j-°j — 
jjL# 4 I If . j » •«■ y llj JiaUL /j 1 fl. l "k -y. I iafl 8 CllaJlJI 4 — L -y. Lll ^yt Lai iO^LjJI 

: J_c. A^*J Jj^rUI 

. <L_uJI — 1 

• l _ r ij >?Jl ,* - >^ 1 - 2 

,^>J1 JSJJI - 3 
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( 13 - 7 ) 

Ribonuclease _u i% null j.‘t Vn 
(pi) JjIaIII UaLi (jj jvii-ujjJI )juu 

'jAjL-'JI isU-o^i (jjwuJI a. II A yk t j 

SjfillJI iilu>\4 ylfcjJI if^JI J1 jl 
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j jloJI sii jlij — .1 — *lS!j 1 ~ J ' < 2t ill i lUit ^ a . a j 

'(-f *-. 1 ^*^ j: jj-alll jrjj— aj j \i . ~ l j (J lll »VI t/axo 

L»S .2 jJSD I j Sjt-ij £-• ^yiV> Syyj j fc mi l (_ya _y» j yl * ta t 

, £-j* j ^UijL >■ B > t~t 3 1 cllo* jiAi. 

lono- ijj^jVI aj -y IL ^ a . .tj ^yjlj j II ( j-* < i ,l Ti . -a .a £j_y1 lilljjlj 

lj-4 j^lo jj Jjlj oLijjjjvll .Kil-w ( J iv*i j IjjSj L&5 l^Jua jl t ~ phoresis 
Cil j\ nTii.i.iJI^ p. jjl 1 1930 ^lx j Tiselius v II 

_r a~\ ... j a_^. y $ 1 1 *-C - _/ v -“ (^Ll^S.11 jLaJ.1 j *1x1 j’y II <UiLl — olj-ih j *• — 3U_)JLt 

• (j\a. ' i 'w ..jl j cJj-a) (E) Lf iL_ > 4ill JLaJ.1 Ajj J-C Caj-Uila j 






V 

E 



i <juL> II oVLaJLl j a _/\j — j^Sal alxu CjIjjjjjvII tjj- 'w *n IjJ 

(15 - 7 , J $ . i Jl) < _ > l-v jl j Oy j ^r-U Jj l- yll j— J k -a Jill u ft * 
Lr jl_i_^il! jIjjJI a! Sjl^ii <_y jj-> (jjL® j» Latk j eJJj j — *_j < ->!. - >■ 11 

CjIaaj jj\U <jJLmj <la— iii jjlaJU (^jJI P(^jljJI jl— l~a i— j Hat V 1 yy 
refractive (jL^VI boundary bja^ jl <t } y ySLL* yPaUI 

‘ *~*.‘ CjI ./'-ijll a j-4 .i'ut.j i j^.l~a.]l j a J 1 — a. aj^_..o > Jjla — <dJ index 

Schileren pat~ ^ 1 * «« ^rj^aj Jx (J maj <_uLi_^£UI '->■ J^la Jx ui y a 

.laalajt j ■■■ ! ...VI vIjUjjjjjJJ a_>.%-^ Jl ix j^u JaJUoj aLyjl jj tj; jJlj tem 
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(15-7) jsjji 

o^pJI 

Tiselus {j* oj -y 4 11 ^KiK\~i ^uj 

^>?+N jLf^ Cf 4 LSj^itl jjjj^JI J 1.*»'n. iLi 




i 1 < t < ( Jx JjoiaII ^ U'tll ^ 



Zone electrophoresis ,^*5 ^Ll ^L^SJI Jj^ j£JI 
V <la Li jlj-a Ujl uf, L J^aaU Jjl J J l.l-taill _^nJ I OjJ J*lj i.u" 

£jlj— 4 <J[ J j iQ . AJlJ Ji — 4 \ | 1 A j jljil £-• — A J ll 

Cui» y^l 4«i 7 k Cj^*^} i 4 Cillu^ (J t-AJL-k-^j Li uU jj ^Lit a J, l~^ ,a 

. (16 - 7 JiAll) Densitometer <u j-^JI iiliiJI jI^I *1* iiliS ^Li 

j t2>l.i I «m > «ul 1 (_)* ^ <i*jUI oSJk J» 1 1 ,-~>j 

.(17 - 7 r JI 
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(16-7) JiAJI 

jjljj j j i ln i l l CiiLL Jf. <LuIjj45JI oj-a-fJI 

iajjjjj J Liai J tU« .> ialt fjj yl <j£*J ^ tt rt JI ii U c 



a fl II JJLJ -ba yiJI 



•tiUiJI ^uLlLu ^aiui 




(17 - 7) J1A11 

jtaJf olaijjjJ ijy4 1J 




ajuxLkaJl 



P = LA^ji A = Ca-^I 

<J) = C^^^ali al " lUJI 

y = cc4^>kl.is a 2 " 2ui) 
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H jljil j sliljjjj^vll jdjll ^Uil 1.1a. <_J>u1 ... >11 j^loJI j 

slLUlj^ CjIjIjjjJI U-“ _>il j La (iA- > V jVI) fail J-aa— a jjJ 

j^-a ^._j j vJ^ - ^ — & — i-» u’ 0-° a ,/ta.Vl — a_» i (antibodies ^ i «— a . VI ol al.*^! , a ) 

OiLx_^jjj sl.iLc.UlJI »JJt <-•% 1 1 > i|»jJI (J .<->a j Sj^a.^11 sliUa-i- > ijll 

J l_i HI aljUj Antigen antibody complex i t jLa* _ Cr yj i d) »tl 

L^U-iiS jljll sjLliljjOl J^a < tl H -a Lcljjl Jj-aj 6JJ » " a J ll (J jilll 

.(18 - 7 JbiJI _dnl) 

(18-7) jiiiJl 

Lt -» -lj JftJI jkjJi Jj-ai iacllil ijjlj^fiil ija^JI 

S 




jjsUfll ^Vl <£ ” V 

a '■ -s .1 LLaaji ,9 (_^in alt A ^Jj^ll J-aa-j (19 - 7) >- .H u-« 

(A+ B), Bj A uLii ^ *oj alci <1- < > ->. ^ < 1 ,<~> ->. a B bl < 3- 

B j A ^ iajj Jb-a j!a— *lj aa_ *_lil aal — *ibj-u£ VI fiL* < *- < j 

.(jjiVI ( + ) - s.v ^il) b~£Lxi! 5'i-k All (J j w*kUI <SjoJL 
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i <1 L*fJ Bj A 6l ^ 1 * *'* ->— * j-l* 

, 4 M |\l l O^kJuii il iQ> * (J| J^^Xj ^J«X lL- 

ajj ,Ja» " > n!i u _i^ J< j -£ *. 1, ‘ ^ ^ 

Jx ij ju 1 »j <jj$j 0^- >■ * ' - L - V j ^ ^1 

^'u^. jjJ_^fJI (_/uVI * — SUlj j a J 5 L .V 1 oIjjjjjjJI ^■‘ J — ^ ‘ u'^—y j J'J " " ^ 4 H 

J < A ■ ^SjLi 8- Jjliu iLii jj A (jyj^rJLi JjU 3 <LU JjjL-il 

wc- Sj,y» ojSIj LjjJI B ijjjjyjll < k m. \ lli idJjSj < u~ ‘ j u* 1 ^ " i - u - 

.5 i_r^l 




jkL*u\ (19 - 7) Ji^ji 

(^f^JjJff 11 lhVI j *^ 1 

Electrofocusing - pH gradient 
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(^Luaj^yLj (. 1 ) 

Separation of proteins by selective adsorption 



^iiQ lik J I^AJ ^ fr ^IaI 1 j J >1 f 1 j 1 » > - 1 <1 3 » jl-\ ^ ^ . t j ^ 1 i i i j I t 

I ; 4-n-Ujdl yX jl^II J a j 6 7 ^-lS * 1 — ^ Cat j J 4 c - j aj j ■ >1 ^-^ 

j’l -iilxjj ■ "Silica gel" K i LJ l ^ jl^Ll JJ j_£j /Charcoal' 

^^iLi-oa^ol ^yjc. <J^^., *.*il Hydrophobic objCo_dlj 

_} — Tw 1 ja \ * ."fc —ft A > j I ntt 1 1 jljll 1 a 1 f 4- v iLvftU ^\X ^pA C-A 

yG— « 4 — Glj — — «JI ay'-^V^ (jjjVt w>lj— Jk-iVI l g k.o yJJ 1 ^.,.. . nl- ■o.L. al 
V L^j G «*<) j 4-LI y a. ^ i Hydroxy appetite c** 1 Ga.i 1 ti 

/£,***. i ^£jJt j^x-wJKJl £-*> oIGaj^^tJI j 4_J L J I jjLi^dl 

• a j^i I 6 tXA 



(LiS «4.in^tl jtjAl iiil <LLu 3jif\\ Jx jxijLa jjiJI JuxlaJI (4) 

Separation Based on ligand specificity Affinity Chromotography 

Jx. l^G-iul^L-al ^-^VLtj .oliuj /JJ <xj\o.aJI <i utxll Jx 4 ai-fc ,1., a X x j 

(ligands alj-o) ^ non cofalent j*£ bj^JI <k*J^ hl_GjVI 

q_j^j ajj .p i a JLC L i-td> 1 4 _jL*j>[ . 1 ^ fc >y-t O ^ 1 tJb-A (_}-«** 

GLjybJI &<lfJ 4 olGG j^rJl lJ^. 1 J ij^JbLuGJl J ^ ^ Cr° 

^ ^O-* «UiLj 1 i-t i-iy — -q 1 . 1 ^ .1 (_^al iJl J_ci — U*ll jkjjjVI J-» — >— j — ^ 

: (20 7JSLUI 
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(20 - 7) jiAil 

^ aJ VI Liiijijjjajjii) i. imi*ijJI »(_£jU1J 

J^aGJI «iUI 

CH2 “— CH2 “ ' CH2 

IWjII 

Agarase Ji ,3 iUj 

L ““ VfLuj ^ jj-lt u>“ *** 





Ion- exchange chromoto graphy ^ VI JjIjjJI Liil jt jjS (S) 

L£-1£.LL1Ij - & j- i II ^x. -^— a " i~ ^~t 1 ij ^ .-n ill <_uLill 4 ai jUli u-Aj 

* 

• lijLui tli_j&J 4 -v‘li.oV \ fl.-y .V I ^ *n | ] " wi l t n VI ^ ai j u^ UJ j^ 

^ *i ■ yj!l vilij cAluj^JI J n->*l Li l_>c. j jSJ I j <U > *> .mil jl^ll j-lil (j-»j 

(Diaminoethyl Cellulose j^il^ JiJ ^ix*Vl ^iLS JS_. oy^lL- cA 



• 7-0 t^VI ^ V?->* 

CHjCHj 



till j 






DEAE) 



CH 3 CH2 



\ 

^+NH ai 2 CHLj 
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(CM- Cellulose \ t LL.. JA* iJL*, jjVI oVjI^U.1 j* 

Jjji J.i!^ c-U jjlK — J. \. -» jJL ^_,t£!l L*i ,C';irhti\y methyl cellulose) 
~ > - ■ j . <J j l » ~ i I t 'jh-kj*. j j j_l^J I ^w^'l ^5 L-.~ S-I L_-v ^ U»j ’■ *■' . - -v i i 

olj v^j t a il i i I a J. *_i 1 :-l^u * J . _ l i i‘ a Jl la .1 -s. !i i 

J) SjLijJt ^>lj JjJU»JLI ,j. o jt J ... 1 ■■ ~ i n xjjj 

. i-ijjj V I jjU I 



dl^ia^ t> O^iJ^U uj^ 1 LT^ 

Molecular Weight from composition 

^y> a 1 j~ *■ L»i J-c. 4-iu^*iJ 1 ii|j yOJ Jj^JI ul. j .a,, ~i i j 

j) 4 l-» i in i Oii-k Jx J l Y~i ...VL. tilJjj ic. j ft U jl ( jJu — oVl D^i-ol — :vJI 

iy° >*-^' cJllA L^jj uyj^OI (j-* 4 JS j jj^« <j\ 0-* Jj--“ 1 JjVI Jx JllA 

J3VI 4 LT^ 1 " ®j-» <jli ■ < J.'f .J Jj£a J5U Jj_» 

.(minimum molecular weight) 

0 

(_^ll5 (j’SA I JljJljJ iljjj -LlA. -k. II £yt %0.335 Jx 5lx*J 

: Jf L* Jij 

jk Jc. Ojj jlj AJ^il Ja <JjJ^k. (JS j a . W Ij SjLlJ-Jk Sj j JiVI JX kJliA 

Jc ijLlC __jA ^A-l^ixjAlj II JiVI jjXjj—kJI J j^JI jL* Ijl 55.85 Jjj J^XaJI {yB 
JIaj jix. 55.85 ji Jj— ill j^-aj ji <aja_aJI j* jvi. 55.85 jx ^ j ■ " > -> ■ _ » t>-l' ijjjll 

. J5VI y^>JI <> '/! 0.335 



(MW min.) JiVI ^>31 6^1 
f£ 55.85 



ion 



0.335 



55.85 x 100 
0.335 



JiVI 
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: <jLc. 






100 X (jj£aU 



(j o 1 1 i-i^dl * ■ ■■■*■11 



J3VI OJ^Li 



MW min 



MWcon.slituent x 100 
% constituent. 



: J1 — 1* 



U^\) LA—jfUl t>* 58.1 JjC 'lv i JjllpjjJl A-a-l a\ 

j-* L» > (204.2 uj^>) l >* 36.2 j (131.2 ,jJj_>aJl 



alj*t-k..A jUltVLi (2/Gj^rJj 1 ^liVI (j j^Jl 







10 « PI ° lein = 22580 

58.1 x 10' 6 g leucine 131.2 






10 OjjH 

c^jJ ^ 10“ 6 x 58.1 131.2 



22580 = J5VI 63^1 

: u-* *!>“-* J- 0 tAi-5^1 03^' - V a * ‘* - > 



yVi»4l uj^ 1 
204.2 



yyj ji A 



10‘ 3 



^jii A 10‘ 6 x 36.2 



5641 = JiVl ^>11 bjj>\ 



4-l^tjAll ^1 ill Lit i.>-> II jj"* ‘ J J 

2.5 = 131.2 + 58.1 = a^-Mi _jj 

1 204.2 + 36.2 uti^ 



- 327 - 




j o® j>L>* ^ UJJ il/- JiVl JjjjH Jl-* ‘V^J 

^LijljjUl !>. ^i. 2 

11.290 = 2258 x 5 
11.2820 = 5641 \ 2 



• u^^l+JI £■*■*" J'JI ol.ui*w 

Jij oli->2v?JI *3 J > - 5 J ai j IajjJ^. Vlj^t 4 jj£j t j-a5Lf_ll QJ — AJLtl — ft 3 j 

•■i.l oL*l m o jl jc 5jl±c JL*j_ *JI ,jlj iL^ * ^ ^ 

* 

ja csroJI (Biogel) Ja. jjLJI eUj£j L^A ^c. <k^>. oUl~£j ^ ^1 (scphadcx) 

. (Polyacrylamide) jjU3LjSI ^ SjLt 

1 1 cjljj^>aJLi <S j.i~fc « j ll-i-fl 1 ol3 ol J5 mj £jj^~ * oL»3l+JI &'sa ■ > j - » » l .1 

J;j$kj L^lJ! olijjaJlj jkMflJI o-iLS J j a^n. 5 jj < ^i i ji-u wj J > M l (j^ j_i— i^al 

j .I n .* jll ^- n . ~w II ol3 oll^o^-H o AJ >J fMfJI o® i ft . 4 ... i i ■ .flit I ^y* lijlkil 

.(22 - 7) JLAJlj (21-7 J£A11) r 31+1 1 Jllid 

Jx 4 ill A * ^l -n . -J ol 3 olijja. J-c- CfjjA-j Jj la .ll t j-« SyuLu a * _i * 5 ^.^ o jj 

. ,_i ...ll* H 5 jij JLft t l » u L Jjla.ll J i ii Vi j |i5LfJI Jx. ^gj2 a .j ^jjJI Jjajdl 

J JAlj JiLuJI ^LU. + ^jLi J £jlA JSLuJI ^ n . a = Jj«»JI J^ll JjLmJI ( .n. - k. • n m 

(Vi) (V 0 ) r N+ll (total liquid) 

( V total liquid = V Q + Vj) 

*■ •>■ 

LaJjlj 'Yjl Jj* J.1I jJJl >,. ill lit > ^A1 jjilj .VO J *> * ^jjll 1.1a. ay\-k£JI oltw jaJU 

. jljll jAl jJjCj Lin, a J* i ./nil olAijaJI L«1 < jk •n . n Jl Cjlj Olo_>a^l 

olijjaJl Lai «5fjl JjxaJI J5LA ^»j Lu VO i ‘Ha* ^iJlj 1*1^ a^r^ill olij_>aJli 
(Vo + J5LA Ixn. j J\ ■ .oil oljjJ— aJIj .L^Ij . . tin ... * > J ^U mjJI ^a — ajl Ctlj 

^jjjll j i .illl C*j 3U1 jlaJI ^*5LfJI J *1* ^Jl iijjl* yOJO J .ljAa.lj > il-» .»i Vi) 

■2 a*j-a 0 
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t J-c- (Jj-o -U-jlL-w. JjJ>j jj 4-i_>— * — » J^.1 0-“ 

i^j i 200.000 4 — ili j...^ II £)ljjV! olj LiiLjyJj^n-ll ^5L^JI 

6j^" <117.000 j2j jjJl Ij <(13.000 

^■u^. SI j 0>^ j&U 440.000 ^^Jl (jj^JI Ij .96.000 ^>31 

.(300.000 ^>JI ujjH Ij uyj/Jlj 154.000 05^' 'j 

* 

(_Af>?3' uj-^' jj .JiVI Jl 11 jj ^Vl ^ oLlpj/Jl e_ Lk4 . l 

V JULj .U^ .K o' j>* 300.000 ^j^JI ob^ll jj Oyj^J'j .440.000 

, t afl .A* i 0^- I a j 1 .oi 

L> 3^J f-ln Cjlloj jyJ! 4 1 til ._ l f> _^J| Lai Vo jl ... 1 ^.-yi. > Ql air. . ! ._> j 
.330.000 jjjjOjsJI jj djjj/J' + 440.000 0j>" j a Oyj/0' (1) 

. 154.000 03>" jj mVJ/3' (2) 

.1 17.000 ^>3! oj^ (3) 

.96.000 jj oOjjJ) (4) 

.13.000 dij^" jj (5) 



• O O O’ G 0 "O° 0 ©*- 

Oo'.^-:'o ' 

} f U«J1 JiU4 JilJ 

/ . Interior of gel particle * ^ 

' ' ’ \ 



Large proten jaaSJl 

Q O*- Sma11 PfO' en 
* N Q — Sa,t e*' 

• \ 



0) 
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(21 * 7) js-Ui 

. iij J Ci1-l <ih yi 0 

.iiHiJLI fL^Vl C.lj C.lAj>aJI ,> £($11 JUiOJ (,_,) 

.OfcuiJI (£) 

Biochemical calculation Segal 




0 12 ' 



Relative elutic volume (VqA/q) 



(22 - 7) JiAJI 

f- ^111 (jj jjjjijjLLuJI JLax1wL> XxuLuLII CjIIluj j-lI 1 (jAjul i ■ jljjVI *— jl > “ ~i . a t 

j jlaj iljjjJ <.ihin,ll jLAA jLt-nu joj yujj<J <JLL>2 lJI j> a a Vo/V e JIajj G 200 

* 

.Biochemical calculation Segal jjt UiS 
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(Fractionation range) 



(3 - 7) JjiaJI 



ty 



^U-fc43_^t I n . LJ^ll (jl J* iil ^ jJI j J Li-k-^J l _ \ 



0—700 


G— 10 


0—1.500 


G— 15 


1.000—5.000 


G— 25 


1.500—30.000 


G— 50 


3.000—80.000 


G— 70 


4.000—150.000 


G— 100 


5.000—300.000 


G— 150 


5.000—600.000 


G— 200 


5.000—250.000 


S— 200 


10.000—1.500.000 


S— 300 


10.000—2.000.000 


S— 400 


4.000—20.000.000 


S— 500 


500.000—100.000.000 


S— 1000 


70.000—40.000.000 


2B 


60.000—20.000.000 


4B 


10.000-^.000.000 


6B 



l y^. jtL JljLo^L^VI _ 



jjj 1 ^ 1 - c 



: l/j^j ^ 1 ki t o il uj>il 

,J| *— Ij.ka U j-iljjl (■[ 1 ^ 1 ti l < U ... lj . a Vjl . L 1 ,\1 1 ^jC. JjXiJLI (J-^o — #-* l ajjn 

» ■ ^_ i LSjJI le>i . A ll ^ a mj j <(J^l-w 11 Jt tL4Jjl JiLi. ., n jJLI «Jj -w ..ij • > > lj~L I 

J-C. ln» .All 14® .^7t) (_ 5 j^J>jVI Jal-vcJL • L..\II Jj_p £-ii <1 1 a * r> ‘ .. 1 
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CjljLii) < L»* > ...II vdL 0--U..4J jjlj Jj l-> -il Sjl^ Lvj jj , ,1 jJLl j .< 

71 V = ii RT 

• (‘tin) _jaJL> j-ujj ijjytjy t I** ~ Jl .1 
.(Liters) jlUVL, JjLdl ^ = V 
. i!j_L! JiL ” n 

(0.0821 Liter- atm / mole - K°) (K (1 _ j jLi 0.0821) jlijl ^ R 

*■ » 1 U U a j L ->. 1 1 L-wj J = T 

it = MRT 



(JjV^a - M 

-ft Li 4 0 . 1 1 u-Li (i^jjjOl) ^jlj-aU Lr !u3^-^ u~L* cl 

7tV = RT 

MW 

0 

j I L^-ilLsj ij%j .~.t /it -4~»ll l J^->.- > , i V < l-xa. JaJL»J. 1 (jl -ia_~ 1 1 

: LJLJ1 Li^LOl J<uj ■■■* ii_ulii|j 



rcV = nRT 



0 

Tl _D A lr^- oL^AiLii LgJl AJt1.nl A l 1.1 i ../* JliLrJ.1 i .1U 

dJj ^LiJJ jr^C. ilLJJ 1 (J *■ ^ ^ i^k.TV,J Ifr A0i \ I fl ^1j ^iJl 71 < - A- k A i .Ajtxj 

JLULj ,C ,(<_«=^JUUI jl .^11 ^Vl 5>-LJI) 7l/( UMjJI 

“L uj^' (j-Lj luxoi ._>— i *-oJ! Jl "extrapolatiue" 4.1L-I 

: LJUI ibUll 



MW 



RT 

(Tt/C) C > 0 
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! ** ll i . i ^ 



10 3 x 3.05 jvj^oj 10 

2 j^. 10 3 x i.40 j 4 yjZs^j .(3.05 x 10 3 atm) ^ 

: UJ>P1 *^.1 J fSs 5 

C 71 KlVC 

7.625x l O' 4 3.05x 10'- 3 4mg/ ml 

7. 00x1 O' 4 1.40x1 O' 3 2. mg/ ml 

6.375x1 O' 4 — at 0 mg/ ml 



J^LULi IjJ 2mg/ml JJ ^ yUl 0.625 x 10 4 7t/C <ajJ J£l 

: 10 4 X 6.375 71 /C loa. a >— 



rt 

(71/C) C - 



(0.0821) (283) 
6.375 x I0 4 
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(23 - 7) j£J^! 




Membrane (a) 




(24 - 7) J44JI 

Jjl-^.1) idUi.1 jd. iiLJI (b) (a) 

Biochemical calculation Segal <j* 
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,US>JI fjA (jjjJt t>uLj5 

Molecular weight from sedimentation velocity 

UL CJUJI ^ c oij dAitlJI )Ji 4x1 «uL> I I I lot *». 

^ Sjj in > ijJLxJI (jljjVI old J-c _iai — »jj . tracentrifugation 

: <JdL*J.I jl 4«*i ml ^ A i L$-JJ (jljjVI old (j-« 



MW = — — 

D(lVps) 

(1k° t£>*-VI 5 -uLxJI Cajj/JJ o 

: || <11 i*i <JjLaJLI j .1 i‘ilLt juJI cjL^Ijj 



MW = 



D (1 — -"Vps) 



: uj&i 

: (Gax constant) jUJI c^li = R 
. (8.3 14x 10 7 ergas mole' 1 degree' 1 ) 
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.(absolute temp) (K°) <I1U1 l <*.jj = T 
.(cm 2 / sec) (Diffusion coefficien) jLiii'iM = D 
vw ji (Icm ) 2 ^ . .. 1 t a« LJ Li 1 1 1 1 * > * ^ = 

. ^ tLiijJI jj-uLa. oj«. 1 j 1 ) <x». 

.^i-ill£Jl 4_ul_uJ1 ~ V 

.(sedimentation coefficient) v-yoll <il2£ = ps 

JLjSjUl J-U- = S 

j_i£ JUI it j~u Jal^t 

Sedimentation velocity* diffusion jLiiil/l - jUI 
j. centrifugal force ikjJI Sji JU<L».I alt ' j olijj-^JI a-SjH 

: J-c. jjSjill 

: jn oljj_ya-ll ol * » *•> — 1 

.Size ^-Jl _ 1 
. shape j£-iJl - 2 
.density ^>11 <ili£ - 3 

* t | t. J . Li . ill O t ft 1 * 

.iiliUl - l 

,Uj>Ul-2 

.oJI <A»f. j <UxU-il S>UI - jr 
: fj^ll Jx. o11j>?JI L*1 

.<t wr -Jl <11 fi <j j-u L*juSj1 '■ oIjj^?JI - 1 

.ol i^ CLUH ^ Sji jlil ojAJI wj— ^ ^ - V 
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(SDS) (> uj^JI 

j^j (SDS Sodium dodecyl sulfate) .-, 1 il... 

^ J ,G jjL JJ 1 1 .n — fijj Cjfi-iJj_^dJ > L i. S yO 1 t-c. 

J-c Sj^a.^1.1 4 lL^I 4 *i-v. .t. U Jjjj Jt_l!Lij (Li^j _4 &j^ . . oIj-*^>— ^JL i SOS — !l 

^ > ■■.■ '» ) i.t Kal l Jl Jjo»JUI 4 j I „ r J}l — i. SDS ^rOjyJI 

jagui aiU^G^yi ^ j£ ^l,^£JI j^/Ji ^ j -HeOiGii JftrJ 1 

- * ■ * rx 1 1 

J-LTK^rJli — a. { J^L. aJ.U a a_j ^ — 4^0-i SDS ijrvj^jjO) JLAaJ .1 

.ojjIj ^ i ^j£. SjLul y j^i SDS — il JLoj-j-mjIj 

j jl CjI J (J l A 1 “i ii<L» ^L _1 9 J*. « A "k" > 



88 68 00 ■ 




w 
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Rm 



(26 - 7) 

Olj-i. jU jr^Vt Jaxi Jj . SDS .Jl iWjJ ^UjJt (jiLuJI utJ /Jl ii/. *3 (a) 

- jGjjj-ll wiU a « . l l £-bo» (jli < JLULij njO jjdl Jx ixLo VI <■>'! jCj j— 4 <L»j_a 3jj.ua j 

. ,^-aj i_uullt (juij Jxiu (j jiij jjill SDS 



jjl— . </*>U 

(1) Lehninger Principles of Biochemistry worth Publishers, Inc. 1982 . 

(2) Text Book of Biochemistry by West and Todd. 

(3) Biochemical cumulations 2nd edition Irwim H. Segal 1976. 

(4) Text Book of Biochemistry with clinical correlations Thomas M. Devlin 

1986. 

(5) Physical Biochemistry, applications to Biochemistry and Molecular biol- 
ogy- 

(6) Physical Biochemistry David Freifelder W.H. Freeman and Co. 

i j3taXI L£Xfil JUX I Jjt * J t U u J J > iji tu / tul— 4 — *Jl • Lu — (7) 

.1985 

(8) Biochemistry, Geoffrey Zubay, Macmillan Publishing Company, Second 
edition, 1988. 
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IlMu 1*8 



oLdKJI CjIjjAoj ^ a i n* SjjAj^a 4-kijj^. Cilj CjL*£_>— 0 t _jAl a-fcVI 

j 1 * *~> jl U. Lai, ) Slj-JUl (j tj<at j-xVI a Vj <i_JuljjJI < k a. Jl 

CjLuj j/JI Sj Ljj J J\J l jl 1 *"j H ij^* CjLLuj.aJI £—° £ ■' ~» n j» 

■Sj^' 

%\0 ■ 9 j %16 - 15 Jx. Cuj^Ij 5jj_k^xi a a VI (_g ^a~ ~> *> 

^'^J J - k - k' l iJj> Uajlk Lkj^i (j^iLa-a.yj J-al£lt ^UA J l- fc H I ‘JJ— “ — 6 

j'i .[(Ribose) JIj .(Pyrimimdines) .(Purines) 

J [ I jj r Lai fkiL^^j-i — a* j .(Deoxy ribose) 

Nucleotides oljjri jo&ll l jx. J j-~ aJ I ^Jl l j A _i Partial hydrolysis 

Nucleoside .wt ,.. j_kK\ j£ .Nucleosides .jK.;1I j 

k-y^^LLlI Sac.liJI jjjLLI *tl-k ■ JLkC. ^t>« ■ a J_iLj^ jj^'kll L_ol . m Jlj <_kj_k_i. jJLJt 
.(2 - 8 j l - 8 (Ji-kiJl kiLjjj-kak^ill j ,*\ < nl lj 

(Dcoxy 1.J, j JjVI : <_a \ £. ajj .ai ijjjjJI (jg>l «~a VI jw l*t 

•6 >j) (Ribonucleic acid) ^lillj . <_d.Lb sl^U ribonucleic acid) DNA 

L>jj-A Lh“ jjij .<aLiJl jxj^LkjjjLoi j 4_k ..n*j jS j a . ~kj (jjjilj ^R N A 1 

olajlj^j K t i l l>-“ ^A *“ 1 ‘ a (j -a (DNA) 1 .j — lij (RNA) 1 >t j -j > Aa laJI 

-Ull^iJlj (_S^< A C . ^Ul .*.1 a allj ..lit ^J_a ykj 

* " ,>$-* (RNA) 1 .jj .J _11 j J& ...jl ,J1 ia^.i ' k S Lij .A A taajJLill 

j ,D- Deoxy ribose j jjJI JU. (DNA) 1 -0 .a J1 j .(D) 
JlS-ki.1 J! y-uLa^JI ...Jl (Jl <j — t-iaj 

.(1 *8) |J^»Ul j (jaSLaA-Vl ij (Haworth 

HOCH. ,O x h hoch, A h 



H H, 



,]\ H H / 

H \l J OH 



D - ribose 

j till [_y> DjCij jjjijl^ll 

Ikii DNA 1 .J.j Jl 



D - Deoxy ribose 
till Cr* b * »■* . » jj^b 
Avii DNA (1 .(j .j) Jl b 
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( 1 - 8 ) JL 4 B 

ojpt ji-Ji Haworth jLSLi.1 




(_^o l AJV <jjJ^aJI <J jLvl ub.-w ^Jl Jx ^ tin i j I — * J| 111 *.- ...I 

^ jjJI ^-.U 1 .j) j (R ibonucleic acid dJ£j ^l_>JI ^^1-^ \ -u-j)] 

c1j-G .oIjjE j-iK'l- 11 : [(Deoxyribonucleic acid dJSj^lj 

^uLaJJI j*C mllj <.)lljAi jrtjJI jl ixLljJ — I Jl a J_xLUI (jjSLlj ill! - *». n. jl A jJLl 

. j ^ a \ 5 <1 ■iOJ II oli^i^Ulj (jj^lj (^jjoJI jl 



£- 5^11 Jl ijjk an ^L£-ll 6 yvoV 1 £jC. <-LL 6 JclU I J 

jJtj ajUujxKijjjlj ( ^^jjoJI jl ( 1 ) 

.1 ijbuJL j J-iL-u jjK'i 



d j** *->- jj^Mi 2-8 

ijjjjJI 1 A-k VI i"j 1\ ^-laJL-a J ijJljJI ? i ju /i^JI 4 ii)^ jyvjJI a f l^-tll 

: (1 -u j — lb -1 -u J — 

.CN^liJI - 1 

- 2 



.C^IjSJl - 3 






LJI -4 



.Ca^jVI - 5 



i Cmj J J-U .'r t jV K (jOlySJIj (Jx I . j .J —II >— » . t — ^ 

.J-mljj-JI i^jC. L^ci^C (^jvxjIjJI .la^jx! 1 .(j . J — Jl ij) L»1 
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(2.8) 

>~i ' I _ 1 

J>^b - v 

</ v>Jj A^i jcl^ill » ^7 
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1 . 4 ^ .J -Jl C*LoJ>a. — * l3 (2.8) i ^ JI j SjjSjfl n^jJ 1 xcljill .1 ^ j' j 

{ Jj. Vjj.j Jt .- •* •< — mljill t — >. ut — *ut RNA 1 .jj .j Itj DNA 

Lei Xcl_^i!i (J— Jj-ij J — c. Ij — (jOujVt 

_JI ij iJllfj dJj Jl iil^oj i(^*jHII xxjj ^jC. L— o^Jui DNA 1 .j _JI j 

.(5- Methyl Cytosine) ji.L~ j2Ly» - 5) Sjxlili (> 5 DNA l.^.j 

: <jJLJI I n.n 6X4 jkjjj J 

(UjlxaJI t- L. aS\ 1 1 jj-iliJI jLvjVI ^Uij^ ^Uoj - 1 

(Internal Union of Biochemistry) IUB 



Fisher ^Uii - 2 

Fischer 




Cij v e 1. 1 1 «o£.LUI 



Purine Bases ijujj^xdl xcl^aJI 

<Ui. (Pyrimidine Ul> jx. (Purine) 

ooljlllj :n!jjVI ,> J£ jvl-oj .(Imidazole Jj^Ijl^/I <iia.) C l- <_IU^ 
aJj_x^it _/vt It CjIjjjjjjJI L»-*j (jALk^yj O— Ll«VI 4XC.LJJI 

; ^jJI Ojjlll (j^L^a-SH 

— v-j -UjjjJI 1 

. ^jtj _ N — — >• 

.djjtj ir >jjL* — JU** — 1 — — 
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(j , J * i-a~ V (jilt «_u_j j_j-ll!I ^iLfjL^HI ,j-» ju jjJI cJliAj 

: L^Jmij jl_jjL» ^o>L...j l^-jl VI 

(1,3, 7-Trimcthyl Xanthine) JUl. 7,3,1 : Caffmc 1 

otjLijij ^uuij aj-fiii j l ^ji 

.jKHJIj ^UJI j Aa . jjj : Theobromine o^jjjjjill _ v 



Pyrimidine Bases aajjaaajjoJI jcIjaJI 3 - 8 

qj-A Uj^UI ^UJ I (3 Ijl .t. 1 .1 Acl_jjJI AJJk (j[ 

.Uracil Jj— _> ljJI - 1 

.Thymine - 2 

.Cytosine ,^-jijLJI - 3 



L.I .(DNA) Vy.j — llj (RNA) l.j.j J1 

— II (j Thymine jj^viliJI a^.jj 1*‘a,i <JL1j (RNA) l.jj.j — II j j j ^* j *** <Jf-“!jj^ll 




Cytosine >^uji 
_ 4 _ ^“£1 — 2 

2-Oxy-4-Amino Primidine 



Uracil 4 jf^ w b4) 

4,2 

2,4 Dioxy rimidne Primidine 



H 
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(5- Methyl( JjL* _ 5) ^+1 IjLml JiVI Li 

(DNA) t.g.j elljSj .(ikirjl c*ji (DNA) l.g.j g* Cytosine) 

* 

• (Tymus) *.i£. j Jj 

ol i yvj aj^.i-4 dLfj Cytosine ^s*~*** L*J I gc. Lmo ^%c j 
lg._> Ld g OH methyl (JA. Cytosine 

gj ell Dihydrouracil jJ-iiiljjjjjjjL* ^Ij cl# ■ 1 M . 1 II RNA 

. Pseudouridine 









H 



5 - Methyl cytosine 



5 - OH Methyl cytosine 




Dhydrouracil 




»lll g I « ■ ■■■* <_ljI j _/iX. l$jL jj . _ > *11 J— tjj-iJl »— » ■ ~ * ~ l 

^c. eiloj a j.»*i » * jl jl c£-*2 *-» _ > » ■— <S L-icLi ^ ‘ t '- ) * 

(Lactam) fliSMJI : gytS-L* j 

.(3 - 8) . (Lactim) 
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(II) (II) 

Adenine 
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(5 - 8) j£^li 

(I) Adenosine (A,Ado) 

(H) Guanosine (G, Guo) ^L>i3i 
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: CiIajLui j iK’iII 

Jjl L*£ iIj V — oJI ^ IrvJ — * (J) 1,1. ^ a _/yi — *o Cjl — I *£j qI-IjI . j-il jL-j—JI J j ~ 

* 

I f ./-> 1-i. »ti*i j 1^ 1 .- rt > A I 5_^>JI jj-* »UI j Ijljjj olj-lL. J -iK\H 

* 

t- » -»■ I 1 j l 1 1 ii/i ** J fl~ . - l n .-.l.nL^jiKill t dJj J I ( n 1 ■ * s 1 1^ — C^ytj ^ — * j S 

^cfcj»Li_J! ^ < >j ^piULI JLwJ I <J^ ** » *■ i ' l * j -i — J! iKol l L*^ h uc L_aJI 

^Ul Jii^JI jkj tAj <!.1 iai y^_|JI .~il i J lK-iH VI |5 JX-LUIj ^j-uLaJkJI ^ I 

. wLajJjjVI l/x^jJI (j-o CjIjjL- j-L&JI j . j ‘ J 

<jj ( _^jJI j_^c>LajiVI j •xyjfj V Ljjl VI <-uLux. wlj oljjLmjj-Kj oJljx ^,1 VI 

. (5 - 8) JSLiJI j <£l.VI 1*^ jSJu 

.(8-8 JiLiJI) <jj jjJ I (joLa-kVI j [jj-ll olxiL^ ^K tll 



Nucleotides cjIjjU ^ d Slil _ 4 - 8 

A j t<— ill A .m^- tl l J^l . _ i K > l l 0l^ ~ > Lf— 

j j y I j j I «1 (3', 5', 2') CjLLl*. jJJI jjjjljJI j < _ i Lt j A 

^y-* 1 -iL-cij La Ait j .4-uli-u ^All i yLu^iVI If-ii J-t- ^rv 3 Zj-*> 5’ j 3' £-ilj-a illlifJ 

:JtjJI tjSjll Jx J-uo^vj Sj^klj <_u t t ‘ ^^_a 




Inosinic acid 
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^-t-al ~> a JJLC. <_i iia- ~v l..tt~l^. I .t 4 ul. t ‘“J ^il Z Jt_tuSU 4 ft aVI filjjlj 

< a h A j . .-.I \ il’ jiKi U % 1 1 LjjuI^aj dji a 




I 

HO 



Adenosine triphosphate 
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Adenosine-3'- monophosphate 

>iii » < i jvi 




(j-* (Jf I (j^jLo^-VI j j — | — l e u V (jjil olgj^j-iK'ill 1 _jAx_i dt — j — *j 

: (6 - 8 j.U'i I J SjjxLa CljLuuS < eljUs^j Sj^. 
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de- (3— 1 — ajJI at t — i jl—MiJI j — J[ 5' i (JljJI ijs .1.11 4 Um‘) j *>»J 

.oxythymidylyl, deoxyadenylyl, deoxycytidyl, deoxyquanylyl 
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(7 - 8) J£2JI 

" Tetranucleotide" ^liji ^jut 



; a l t. ~ i Li Jl 5' a jLc.1 jCilill * J » m" £)**** 

deoxythymidylyl, deoxyadenylyl, deoxycylidyl, deoxy quanylyl. 
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5 i_uS < jIoS L*S DADCDGDT i ^ - ...~ j 

A C G T : U 



3 



N 



\ 

p 


\ 

p 


\ 

p 


I 

\ 


I 

\ 


I 

\! 



K 



OH 



5' 



j 5 OH <£j»% a (_g Jjanil 1-k-t.ll (Jj-«j Jjj — :*. 

t 5 , 5 — II 5 j 3 II laj^j 1-t-k. )l JILajj t fttk->~k*kU j 3 — OH j 

• 5 £_Sjll j .-■! a . a II ^g II ln--yl| ^vtuVI ■wAjbJI l J-t. P jJaajj 

(j-« ljAjVI kxi U I I Jx. oLi-tu jill <f-j * ^ * Jj «-j — a 3 II j oLi-ttj j — til L»ia< 

. (C, G, T, A) Lfrjlj-k-rt’k^.Ai AC.I_jUI Jaajj II 




5' -> 3' 

uAajJI J| 3 oLjJJIj j\ <n ill JJ 5 *kll» J>1LI iu ^plJJ i_n <C yvJI 

: l£aJLi __>1»j 4-> ml a "k II CjIjjIjjjIS _ I J A aj 5 — > 3 



PATGCA _ 1 
PAPTPGPCPAP _ v 
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Base 




O OH 



HQ— P = O 
I 




0 OH 

1 

HO — P = O 

I 




Base 




0 OH 

1 

HO — P = O 

I 




OH 



HO— P = 0 
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5*8 



iiilillSJl olj j-La_i ^ Ajmj ijjjt cAija. Cilj cJ > S j— * <jjj1II (j»qL«^.VI 

* 

j l — J — a. JJ Jj lift- ft Sljj — II j ^>ol nVl 6J — * j— S Vj * * — J — J l^> J — II < — i — ajl 

Cilj-ilj^JI) ijjjlil CiliaJj7|JI <jjSa Cjljojjjyll a.i-iTi — a — ul -J1 

.(t^ljjyiaJI jl Jla 



a j ^ *S'i ij (^jyvill jl < di II Jilj j (<iaj| ollHSJI Ciljj ft *) vlilla — aJI l ri~ i.> i 

J— (j- 0 — "*J (^U- J ) ^J^-ll (_^L»^-VI <>» J-t <— . 

ijjja. L l_c. (frl-SjjJI Cj1_> .»S/1 j Li_^Sal!) < il-i-ll 

tLilii-j -a ^ i i i fi^lx J <lojii_a .*1 in t_T^® *^il I— al il.jj.J — II ^yo 

L a .-All <J . 1 1 i 1 | a in jilSl, 



■^iL-ajyddl aljjJI <jj|jj Li ^LaJJ ^jSJI ^_g^*,a.,l I ) Cil ° jl-t pJI 1 al 

^yo aljJ) < ft 1 ft i Va^LaJI jiiaxa ulj 4-dAJVj |^/-1 JS ^ya lift ft <_ i .••. > ,2>lj ^ fr — ft 

j'l Ovj-jI — * i*— 1 — « ilr'JLjJ I <- 11 — 1-1 J — a.jj (jl C^-^-ll (jl i 1 u-lll (^j ^jiil 

i 

. < J a * i ~ i ^ jl oj^ L»l “J^^b 1(J ftl 1 a A 

ol .Ijoj jl — Jl Jl- a — m J — aj^SJI Vjj.J II J-C. Lljl — :vJI (j A -» _t (_$J— 1 — =»-J 

jl Lijjj j_S j_jjUI j j) aljill 4 i— i l 9 i Lijl iJI ,jci*_ij L> ^S -a— it j a.ij_a*j_ll 



J *-M ■■■ <jjS-o l. j i A ., 1 , I i < Ui j — a uljj|jj->Kj I^yji ijJ^lJI ^aLttlVI (j j S .11 

— a. a.X i j l^A-i k t ft”ft J V 1 oJxtj <ot iJS-xll JA a) L» l*l L^JIjisI ^ - fl 1 ■ > 

,<J Jtil ^>o jjt o' 

pljalL jj.KIUt & Ja J£. ^ C*Ui O — uu ^JjjlJ l ^>ol a 1 — fl 

Jl ^ 1 ^-Sl Ja ^ -a K i J J-C.I3JUI Sj_^j »■* > ■■ > 

‘ jS ...II jiXj ^ jiJ buu (J-Lj-U L— 1 1 



.(Ribonucleic acid ) (RNA) (l.^.j -Jl) csjj^b < 5 jjl - 1 

.(Deoxy ribonucleic acid) (DNA) (1. j.J Jl) csjj^b - v 
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Lr JJ! ( y, 5' . Phosphodiester) ^li— ^iJI ij~^o\ <v. 

( jj-. L -j 1 J o ..Xj-j^-JI) j (RNA) i j.j _!l u i D — ihusc j j il 

i^jjAJI ^UaAfli dJj J] <il — m~>I (DNA) l.^.j _li j 2- Dcoxy-1- rihosc 

^ jK ... 1 1 t ij — cLUIJ Nucleosides ol_uL»n ^ >l?v< 1 $ u .-il i_-v j { j_c. 

20 - 2 i f J . J-iJI + _><LJI 4" 4.11^-v A-l£.LflJ1) .1 *£.l1I j 

~ i 1 \ . 1 ~t ^ i K d 1 J_c. ddjO^jVI j Lo i ■ • •! v ^ M \ 22 . ill J ' ^ ^ l 

.Polynucleotides SjaxILI 



•u-j 



:<Li j^ill (j2)La^wVl £ljj’l lA^ «oijL!lj <LuaS jj 2jjULa 

: Jl ‘Calx '•j j i a a. 2 1 a mAj 

: (Ribonucleic acid ) (RNA) i.^.j _JI _ 1 

. ^ l\-t II jkj^Ll^ilLAO j ^ J-AAJJ 

. (Deoxy ribonucleic acid) (DNA) i^.j Jl _ 

< i la. II iljAJ ^^211 

l-u-J 



j iJcLU 

J-*- tsjZ^-i 

OC*jJ*5/(j tC r “*(j2)lj — —Jlj 



<J-— jjj il^AJI j iiJJ (1) 

(j^ijtj ^piSjjj) _A— J! ^c. fj y^-i (2) 

Jj. iSy-Z^ (3) 

C/A-^b I * yLA LaaJ 1 



: Jl H iuS JUI ■* t-vlMI ijj^jJI (joL&jkVI ^“ l Ai 

olj 1 .^) J — llj 1 -tj.J — IL> ajLc JX«Aj :^jJ_yil JaJyAJI d» t j ^ 1 —aa.VI - I 

JcljjJf V l _ f lJi (JoLajaVI ■ ->.>- * ■ d.1 Ja^y^iJI c>lj j^oLaaVI ' 2 
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Jjl j_j l^il VI Complementary strand” iu^ j 

•Lf-jjJ Jiiljill jrlj Jjl (j-» (jjijj a Cu Jnj jd . i 



ti»j^UI £)yi1 

:<jj^iJl u^ala-^VI ya iiiLL* 

.(DNA) l.u.J— Jt (1) 
.(RNA) 1 -6 .J -II (2) 



<j-a i—i-llajj 1 (jjtfUl (J»aAj (j-a a «* i (JSJ I .(j .J _U Jill -a— -y ll >.. ttl~ft ^ 

L a> A i u VI * A tt t a L V t. (j) . Q 1~ t " 



Cl— ulj iIhC^ 



■a -J 



1 •: 



jjllill (jj-iijJ <itLLLl < % .u*iVl j <jjIj _.. < i i n j 

~ - i'iO « VJ 






oij J| (j-« <ttit..a La g.nnj al_^iJ l.Jj.J II <j-a_S» i — al 

• OjLj (J ^aJI y t'il a a I* A. » 4 t ...*it (2)-» 1 -(j .J II 



iJi tS^J^ (3 I .,j .J _U Sjyilil jjjj-JI 

£j-ao-a (jl La£ Lj^AjSjJI (jj> 4 ulj — 1 ^Jl 4 —aLLU 1 ,,j .J jV|j 10x3 

. t2 10 jl 1 1 10 (J! ,J I ji aj_jixll <lLt-ll CiLa^-aaijJ-ajji (j-a 1 .(j. J LI jjaJI 

J\JI 0-aV-ll J[ <jj^jlJl (J-oLa^SU ?jiLj>iJlj CjLl^tJI CjU^oJI jt It* a 

•l+J 



(DNA) i .<j .j _ll 
1-^ II <LsJ j-aj 1 .(j . J _JI iioiajj J« > »tt 
> '-y~ ij i <-!->. H LlV-aJI £-i a T* J <J_tuLiuV1 CljljjJI jl*-LI J-t 1 .,J .J II (1) 

al^lll <_jj|jj LiV — aJI (jj <<— tLxlJ ^Ij^JI Ul .Vill — a 1 . j J — II £ — ij — a 

^Ja^ j vlijIjJI Jo I »Vl 11 ^ j^-~ I . a J .It. a Sjjj ijllaj V ^jJI II) 

al^jjl j l it" a alyUI 4 iltl-k. t iM A. II (j 1 >( j ,J |l jt It* a ' t j i Laj j,i «<tlt-JI a lt I 



- 359 - 




u^} J^i- <-“ii Cjc- tff J'j ujL«jj£Jl jj ■**< H (-• 

■ 4 1 * *~>t t» <XZ±JJ < i U I ^L^iiV <'.iil l 

jh L> t . f . jkliijj ilol — JL1 il^jjl j < -- 1 * 1 1 * I a J aj_)ill <«jl JVI j «■ U* ~.~ j 

£j J > 

i .(j .j_II eiiUij (1) 

.Jl <_»^lJaJLI ilaUI <jilj^]l ol a jin-ll 1 1 .^j .J _ll a J- o 1 (]^ 

■ 1 .(j .j llj <Lilj-kj J^JI ^ I.A-w.1 

CxS^! J-alc. (Jl U i ~ m .I < _ l , ? > — J — aujJI olijillj jjl L. -kll tlj_JI 4 -v nji ( 1— ') 

•u^'j 

■ sUaJI S jj j kijliaLiiij ^ 

• LJ _iJI JjUJ CJ jii\ 4 > . .Ml Xidaji 

y_yA 6 iA£- <Jj jJa 1 .(j .J Jl liuiLw j — i — a . i i (2) 

3.1 ...1 ...-'. a L_»_jjV 1 £l^_iVI clj (Deoxyribonucleotides) jJSli ^Ij 

LuuJjj ,JS-iiu Ljjji-i j — > — a , ' ij L«S l£ j 5 — ual — i. i_5j _>bu 

* 

. j _ll ^JA 6 J ^iJo 6 0^5kJ Sj^iJI <jljU Ll jLJI (j J j£Jl jj — fi—J 

. (Nucleoid) lILj alAmll 4 ilao^ (3 1 . 

* .vJ j t . (j .J II (V« JjJaJI J-c <jJliIa Li jUJI (_g j * "> (3) 

Sl^jjl 4. ij Iaj Ll jt II 3 6 J^.. till l .<j .J — Jl <Jj— Jy 5 

.L jUJI & ^ 1 1 ^jLiliJI (j a >A Y» lt^Lj SLj — J l ,Jl£.* J (jl 

6 j L£ 1 .(j .j Jl J -« -v *"t »<-xUI <jjLxlj 

jl \ a fl t sZ> I JJX. J I 1 .(j .J _JI 4 jJj Tk. Jl < 

(j^ 6 10 X 4 J-C. tfjpLaJjj Ij^Axa Ij^jIj L* J a -J jjl Al ii j k- ^ VI Ij/\^JI 
tuic-lj. ■ ill jrljjl <>?10 X 6 fjx. OyJuxll <-lU! i\jj (_$ j ~ L -k7 > L«Jj ij-Jj— Lll 
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L»iw oUj-k4»^»jjill (j-« L>jj 23 Jx. £jjjj 

(j*- uj^j ^ * '.*. ' J .Jji-U» J J-£ Jx. 

^ j j3j L ll CjL»j (jl .t.^'i ,<j _pi*-JI Lil »JI j jJ ^r . (jj-ll cjUj^j^aJI 

. L_)jj jjljULI j aj jll »ljj JjX Jtj j ...t I <jj 1 Jjjl olx^-jil J-X (Jjjlaj 

<1 .jj .J — II 4.i ^ tjjoAj Jx. Lj^LaJI aJAxxa 4ii II Ciliilill (j-a < J_5i — ij 

* 

Ch 1 lO^ ulj (Genorne) ^.j w-v lL 4jJiJI j u K JI 1 .<j .j —II •» olj 

^n.il ^<J.Ulli JliuaJ 4il» a {jC. Jjj jjtl I 1 .(j . J — II 



5' END 




OH H 3 ' END 

(9 - 8) Jtidl 
I .(j •■! — li ^ jiill J |J**JI 
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4j JittU Lf j-II ( JjLm i ll j <jjl I ■ •■J-tJI <_tj a vl lt Jnjj^ll -H ^4 yjSli 

: <aitJI £_jjVI JttjiJI 

■ A (jjaujVl ~ t 
G c & IjSJI - v 

.C u»^Sj LwJ 1 ^7 

.T ^HJI - j 

J*C ...II (3 ) o jj £a _)*£ lull (5) Sj jj i-ijli-tujjJI *r j ^ 7 - t ' 

.jliJl 



1 .jj ,j II <JU. jti (ijj^jJI SU <aiUJI ^ j II iSiLAli Cilijill (JiilijJ 

. ^ jj ^xj IjJ L> ^.a-mij 1 .,j .j — II <JU. jj ^ .. a «* 




(10 - 8) JS-2J1 

•(G) cs^b^J'j «(T) -(A) l^jVI yji Jtlji J^j 1 . j .4 Ji (>» 

.(^jU^a _jill _>*> .all <£_>iAl1 J>“ll) v£i J^alj ‘(G) Cf— S*i 0 
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CjIj J — i jx . ' ll 1 .{j .J —11 t j-» l -aJ r> j — « (10 * 8) ,J£^JI lJj — AJJ 

U^Lo ( dTMP j dCMP j dGMP j dAMP) ^ jUI 

j ■! . 1 . ■ . Xj J . \ ! j II ic.^o^J.1 Jeujj <J ^rG-LiiVI _p-<aljVI i_A"*-A 1 — j — ““ — * — H 

• 5' JJ ^y> 3 




I S' 



-C- C- 




^MESSENGER RNA 


-a - c- 








PflOTEW 


-T - A~ 




' 


- 




-A- U- 






5 


UflMlON^ 


-C-G- 




< 


8 




-C-G- 




N 




~c-a- 






§ 


glycine 


-G~C- 






» 




-a ••• u- 
-G-C- 








SCfllNE 


-T-A .- 




s 


* 




-A --0- 
-Q ••*C*’ 

~<r ~ > 




‘•i 


| 


OOLEUCJNC 


-c-a- 




< 


A 

4 

4 ' 




-C -- Qt 




-• 




GLYCINE 


-G -C- 




'i 


I. 




-C -~B% 
-a .- c- 

-T-.-A- 




s 

3 

> 


» 


ALANJNE 


-c ; -g;- 

-G'"C- 




| 


AIANIKJC 


-r-A- 


■ 


' -< 


r 





(11-8) Jiill 

. j Jl Jj^Io {y *' o • J -1* i> ^bjll ^jG^Uil Jii <aLh: (11 -8) Ji-iJI 

: Opj/^1 1 0 

Ujb^ 1 u J “ 1 

._) —11 (j-» t fl ilr J .s^-\ ol>Lai. jiola* J^A* Jj— “<^11 1 -u ■ J —11 ~~ ^ 
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o_ > iAJI Jiij kj-uiUI j-Aj JS <j1 “ 3 

• 1 -u ■ J -11 ijt 1 -o .J -II O* 



: J '>* ' *6 •>» -Ji 



: iLuLi^JI A-ijI wi i^ll £Jj^| 

jyili jyiZ^ Vj <JLli ^ ^\S jl LjX-iJl ^ tfV 1 o .J -11 ?- i...A. *> oi - 1 

.<_pUaJl CjIiIa i jl jl flail I j| jLiJI wij jloJI 



. (2 - 8 JjoaJI) .(j^l A JI 'jt » ~l l ijlaJI 1 .(j .j —II - 2 



(1-8) Jja^l 
_ i j li II ! . [j ,j . — 1 1 Cui 
6 
2 
2 

2.5 

0.17-0.02 
0.06 - 0.002 
0.00024 
0.00008 



L> i» 

oLjuJI 

dU-Vl 

jJjUl 

1 i Lj LM ) 

cAj jixiJI 
l^rySLill 
L.jC£J) o5l*JI 

|ji«V L/jUl <jljLilU 



c^aS »*Ha* j j U~» ' 1 i *1 oJUJl <jj jil ^ . A ^-»JI ^jilSU 4 jljI— ill < j l ^ .11 — * 

■ < iIa It / I .y ,J II 6 /JUO <iaS j£ (jj*>%*) < < il ^ 1 1 / l .(j . J — II JA 

.clLLJI / 1 .(j .j _ II ^ijL*i ji. jii-i 6 Ja {jjlaj Li»JI oUljAaJI <-? . A - .i VI La I ij 

Va^JI L^UJI j 1 .«j .j Jl . i.^t! oiU LkJI ^HIjA^dl <■. ^V aJl <-fliJLi 
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(2 - 8) JjxaJI 



j:l*..ill U5U £ 1 .£ .j _JI 1 jla £ 
4aUJI/ fbAjS^l -u -j -II 




2.45 


wJill 


2.20 


LKJ1 


2.66 


^1 


2.61 


ijuL»^kk_kll 


1.26 


CnasJI L5U*. 



: 1 .j .J -JJ ^.UJI 

l J*l *~> j (_f jil J 1 .(j .J _J1 i_ui j*_ll <i j < » J| Ojl SjjJ— c. <J jl JIaA 

j-»K:>JI ^ £\yJ>) (>— u . L-A.ll (deoxy rib oru cl cot ides 

: JLuiVI <-uljj 3 , 5 j^qIjVL* <luj j-m \\ \i -v. .n^jDUl 

: o iu‘> (j* ol fimU £1 J VI — 1 

JLi (jl JLi. JJ <1 .jj .J _JI j Ac.lj ill >_m«j ' » ' ~ ■ 1950 f L. k- ijlStlsfc ^li 

: 4 ihA.l l UjjLuo^j 1 .(j .J _!l l Jx. V_1 mill kJ+J ttj.l-k * J^nal 

. ^/_idu jjj I ml Ij (joullllj (jOljillj : yjk liclj— j i ^jjI JLa 1 

+ 0*jj jVlj ,j{ (_ft iCujJjj^jJI JjlIjJJI JJC. = 4-aIjJjj. j j ll J— clj— HI JJ_jC (j[ — t—J 

,^£/_kjlaJI + ^/-tujjjLkJI^ “ 

. = (jOjjVI (j[j < C jjjLijJ I = G <j| jr 

<j-uo) J| 4 i milU i_ijlfkLa. kltLoJ jj * -■ -n CuaLaJI J_dj_ ill jrljJjl ^uojl J — I j 

T/A 4 t ai (jjjlaJI (£j t .,j .J _il j ^CjUj J j CjUj jJ^JI 

-^Jj C/G j 

tS^I) fjjjVl * £nj i. tfo Vi G + C l .(j .J — Jl (5 j ~ - k k ul — J 

,|dlLuuVI (_ >«"» • i n£ 1 .(j .j Jl oli j> 
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^1 j : 4i^,ull &.x Wilkins & Franklies JjsJj oL-mljj _ 

: Jo La£ 1 950 ^Lc. JjIjI j 1 >( j . J U . ij£ ^ il Lx jjoj ol-w J isl 

.1,1 (j£. ajlo— C. I A g I t J — i.lj • ij'JaJ jvii Jj> i . J -J —It iijJ—a. jl * 1 

* J 

L^j Jjofl *«* » .^fU J j^^wo d.^- 3 ** j — j — < a 

VI 

J| JU &J JJLxa 4 I >1* j I [*v I 4 1 tul *M . -it \ i-\ L A ly .llj oljLljjj il I A — C. l y - 8 u ! “ 2 

L$J i .j —II t — js LkJl J 4 u k ki>ll 4i ki* VI jj^j 4-i^a l . II ^jLajJI C k*^ ^ — * j - 3 

3.4 jLUIj 0.34 ^JLj JjVl : j j r> J J — =*■ ijl — *ki— • 



- 366 - 




Watson & Crick Model d jSj (>u3lj 

iJLjJIj (J ^> -1 a. a JjVI) 1953 j d_>-£j oj— Lt* i_£ fCi 

CjLluI jj Jx. 1 .,j .j — Li yilidl JUI (J1 *j {^L^, 1 

< j \ > , u ll <ju*1iVI j . * . I , ^ I j . ' i‘U.‘t<j jcl^ill i_ > ».> ‘ > Jj — 

: djS jj j^uijLj iabdl £-aMU 

0 

V — & J J — 1 — 111 A X in V^ULI jiJI (jOl aaA am <> 1 »(j . J — H L-iSk _n— j I Vjl 

^ J . * —i *a| l — ft lul .^i i-Ujjl^ Sj_ ^.I j-Jl 

aUjiVI ( 5 j J-c. JUijj . (Strand) 

_ * 

<Lu Li-tu^iJ l <juljj 2 < 1 . ul' j i Kil l 4,1 i.il i.il I l\ i 1 _p : L-jjLi 

(jvljjVI vIllaj t^jOJUkil *111 .141 yv_Jlj 4 II Ijj 1 >11 Jclj-JJI 4 — : LjJLl 

^T-oljV! ^y£. U« ■“ J* 'i *-1l (jOljil! Ld njv^jlaJI l~w 4 i LQJ 

0 

<4 t'ti^jj.ii^JI a-j.Ij &J I 4 — tl a r. 4 4-> -> . * : I — 

- -- i I yvoljl ^jjSLxt (jOl_jSlll L»1 iT (jOjjVI 

ujjjjVI (Iaj (jjilj jjaII (j — • 1— ji — 1 — i j t£l jj — * j (12 - 8) 

Ciljlxo 71 (_£ Li Cili jJ&}\ jUollLi lill^j i(j*-44<^jul »«llj 

.{12-8ji^l) I I.A4J tu J&] jtljill 

C/G j T/A u Hiii <!Uii.l cilwij-i ■ • ■ > *v1 yjllj A— c. jj— ill 

(jAjj j j3 1 .(j .j _Jt l_»1 ^£. (j _ i U . t ~ 

4 1 ill tAJk 4aic. ^iliii Mi 0 1 ■ ^ j y-jj I 
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t -U -J — LI ^jjLDl jxaj ^I^jjUI 
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j j-c Li j ^ d t>» uJ^f ub -i^V 0£^>5JI Cj* £jj u! 

l£j i>* -0^1 uJ^J <>» L-^-jj ulj (< _ > \ i> a - */y * — -o 

_ * 
p—t* < L »*j 1 j h . I I ixj_> J i llnl t lTi ! \ t V & i _/i.jJl (j-a i « ^/O .!--■» ^ — 1 — m — II 





(14-8) jsill 

• ij'jl^SJI £-* ^HjLluJIj i^OujVI £-* 0'- iJ ^n jtjjJj pit j uajjj Jl jvoUUI auu-tfa 
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(15 -8) JiAJi 

(P) — (S) 4ai i .y .j _L1 ^iliuJI ujS ^J l 

.(^■jljill J-ua _j i 11a~kt ,l 1^11 ulrtj 3-jj-iLj ■Ji J .M/..ll 

^uji (a) 

: _j (_j jJl H ^Ul ki^ll ^->11 (b) 

.(complementary strands) L^ti y, (opposite polarity) r_^kui 



jj (1 '6 * J — ^ II) (jJ>LAa.VI j <— J O . ' i V 



<‘,1 in aTij jja t <-i jlj 4 CiLij-J — ^ * j <_i^ mil tCil — t la J I £Aj : ll^Li 

, £jlaJI j 4-uli imjUI 

< — il&lil jjl iIaj a. i <j j jU ... V I 1 .jj .j _1] ^ 1. 1 ill t jj l.UJ 1 i i^> Jii I * — j — * i*-i : I — *— “<lj 

^«-L»A] 4 AjJjij i J 4 >'t i -Tk jyvlJl -ltjjiD <JJJ— »J jJ-a+JI 

iJJuj <1 •»■ lj 4 /jj ^ 1 -fc. 1 1 (_f1 4 i -i j Q i i/i‘i <jjli iii J >jl Ci lia— i t JI Cilj 

4 L . 1 1 4 111 CiljJ^a 
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Hydrophobic and hydrophilic regions in DNA 

US j -^b^' 

. C Cj j "T* £~* A ■ •• * i <L O'-* ^ > tA tj_jS j 



Stability of the double helix jrjj^ll ujlA^' L_,biuJ : b^ 

: J-t Uj jrjJjA' ujld^-h 4-jjl^jiU-l J. i-^Ti 

Longitudinal interaction io.jj_yll a^bil! ca^ </»_» 1 

"Base e;a^tUI ^aiJL SjjUil ^b_HJ L-dcLiil ol_a ^ -,IVI - 2 

stacking" 

(rt - cjLjytili oljla-- (overlapping) ^Slyj JJ ^aiUI 

4jx.Ls_Ll ft .iA ■ 1 ' • ^ b i£*y* “‘ * Cj a ‘ j ~“ a ^b electrons) 

* 

Si*. c- ^ugxll L^ol.*^ rtl Au^-viJl 1 .(j .J — U (jLi 

(jL^aijJI^ — j a^yjftUaJI ^juajj .J >UI 260 

."Hypochromism" (^L^aivyi S i*\» 

j^KJ) < 1 i.ilj 5^>jL=Jll J c.1 ^ aJ I £jo A k - 3 

J j 5C J.l jjc.1_jJU1 p Is ~ l j ^Li ^ j u i «& j. i ..*— * >-11 

AJJJ Lo-a .C-LLI (j < X tl-ill l ^04 1 > l lj 
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.ijjjSJI j-jJLiJ) jj-jllJI <_ u -i aic JL_aJI iiaa ‘Ujif 1 ■> 1' 

d* al l •■ _>aJl 0 ^djl — * .**J — ill £j — al >Jll (jl ll> ^>— £jJL» :Jlj 

jjLo. I (j .j — h d)-® IdJ ‘ ^ ' * . *- > I ^Vl ole. <i*l i. 

■ISJ * cr 1 - 

#■ * 

(Wide and ULuo ji u^-*^ ^ -u •■> —11 y^- is-*— •*) 

,jjj>ioJl d 0 Sjjj J£ j o-cb-^ 1 a j^c. dllAj « narow groove) 

d J±j d* J£ 1— • (P-Form) iLi J5LiJI II* j-c. 

. i ki ^_> i-m (jjSL (JSjiJI la* d* (dehydration) *-lit <Jljj aiej 

d* Lj j _plk£. acd J j — j — v..,a lj (_^ jilj A JULiJLi ^«>u i j-i.v...^ ( - r c b — 8 

J£ j aeljiJI 

da^L* (3^® d“ 1 (j - J — 11 (JlS-ill jis 'Uj iU *b La Jl <iLi ^> j 

J.C. (S-i (j? alb handed aL^dVl ^ jL***-*) Z -DNA V $ * « j 

.ijjj j t^oi-Ls jTjJ 12 



: i .j _JJ (jjldoJ) cjoSjdl ^ iuaiLi. 

d y - ' " 4 SjjAj-U <JJ_J^LJl < i.Lii~^j .K ill (j-3 (jl ■ > > »1 «-,* * , 1 I — ) 

d ..XI lift d"*®l "k -jL» 

j-i ^ jo! 1 wlaaj Lijj uL^lj j LljjJJjJt J_clj— aji y 

j^cd.1 [ Js. ojj-ae (jj^ ael^jill oL>j L .aa dij j oli-aujillj jj^b 

. 4 1 1 >-w j jDI aeljil! dr-aj Jo. ^L> ( _j4 J ji—Jl »^>bj *■* “ * L*' d J jl - - * -!' 

v Jx. ; -vj 3,4 ^yjialj SoeLi C& iiLaJLij Laj^— aial 20 ~ (T 

.Laj^Laijl 34 ^ llii aelji i j^Lc. Cj^i oLd-lj 

I (/JU l!l! b ijdjjVI jvolj'lh <la-iajbj (d 1 — -* * ** 1 aaail J a ft-lj - J 

■ LJb dyb^ 11 d^ 
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(16-8) JSJvJI 

Hj f .. A - A Itll J — A., t.j — ♦ 1 . J _U £jjylS «!* 

> Sjjj JAj .A°20 jLi EJ j^ii J 1 (grooves) (obj-uvi) 

. j'- ‘■- Si * > ^ A 3.4 ” _j <jt* j- — ~- js (j.j^*^ji) A 34 _j j«ii» li* 

. ''J ] O Li-^J I “ P 

.(deoxy ribose) dro— Sjl ojoj yr3^>i^l .A— Ji = S 

ijftjjjVl jr j j — A — T 
• !>— jr j j = G = C 
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jo53 1 - 9 



jUjIj Jjl Aj*. l^J Q-fc I <n1j 4 C j^lxJ oLfljyjVl 4 *ly J OjjiiJ 

0 0 

* *■ W A J& 1 1 J-k-O (^yTfc.1 jkyix £-A iulj^J -U L~ J > y. ft* •»■**. --Q I ft If i j ft *n^J w_a j^ZklZi 

^^lxJl cilJiSj i^oLaJI f^-j p4xj i<j^_aJLI ^U^.VI j*Jxj _ * iJ lj 

^yliJ! 3 ^ La 4 4 iUial^H 4_^t.v*i0 \\j jL» ^ yJ jiLJLS 4 l lLJ!^ 4 > . c lyjjl 

. 4 _^U^Jjj 4 iM 1 A L\ \ 1 



j[ 4x.y^_o CjIaxiWi j 5 jr\i$* O VI ax \ «-y I Cit-AjyjV I sttj ■ £-^-* J — * J 

: 3 CjLftj^jVI jJL a . i -i.ah1 JL1I J 

.La _/ lCj JafUlj t k 1 fl 1 i y^Jyatfk yAlyflVI £y* J~i J-ftJi j rt i r k-AM t — 1 

.LAy\X j tljLftVlj SjjlLI SjX yXily-fll <^Jl* — fl — 2 

.<C^JjJLl 4 1 > y -W II 4 /il 1 A 1^]1 "■ I r I i *s-l\\ _ 3 

. <Xk y Lx y| ^_nJ) ^-ljj V ) jAJj pl y -<•■•> pli^ yil £jjo JjJLlJI — 4 
.klipi^lsJI 4_vjljyJI i-*M Jkfl 11 «■ If f-lli 3 Sy^Lxfl 4xJfct mi l _ 5 



tl/J^LaJI J£ Ji^V I a ..\Vc 1833 ^lc j_SLj ciLaiJIVI ^L-jJI al^AxVI jjl 

jjLt SyjLi 4-»yl*C djLfl Jx CjL^O j II ^LAnlyil tljl^.1 Ji— UJ/JJ y-iLt 

j . li^a . jj-au j ^jJl (Amylase) jlj iLJI ^yiVl ^l-u «.l ^ jL^.1 j*\ *«. 31 LJuaJl jJj^— do 
J l wqLaA 4 _ ase iSMiJI ^iy^-VI JUaI .J 1898 ^Lx yyKj ^JLSIj .(Diastase) 
iiUaVl Ale. ^jjjJlil^y jyy^.AH AjLflil |Ji-o "'*■* J| Jj "fc > ) SjULI 

,yy_lJLfl 6 jLflJLJ 

OJ%j i 4 il flr jj Jy VI JAjT I La Jif. jyi^uLty cLLuV fjllLl II t—fll’i ~\\ J — fiy 

jjli-fil jVjJUi ^ AAiLj^ 3^^ (6 J^O?k.ll <ljl-fcfll^JI (y^XJ yvjlj 4 2k J U 

4 1 1 1 i C jMcUlj <£jaa fl lyikl ^ l~fc II Li V ^.11 ^yX. y A^.ill 4y Iflf. 3~*‘ r> a 



4— lhIjJ oljjy 1878 j^Lc yyS Jaj yjfl Jia / jl A-i ,.J ^jyiVI 4 — aK L-fll 

(E. Fischer) JJL^I j| ^Ul 3 yUI 0 I 4 J j oLaj^Vf 4 ^-^y ^ -L 

,yi>Lu<Vl 6 jUlj jo 4_xljjJl 4i)UJIj ^JylVl 6 jil £x V . > j 1894 
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flc- ja L > ...Jj jJI — »JI l.lj_) • 1*^20 jklx V^-jjAjuj oLaj^iVI J 'j—L. ^jl mljJ ,j|jjJ 

^jJl ^j_>iYI ^nyLLL»-Lj 1 l ^26 ^lx JjjXjj L»fj£ JS ^lij I 4 .A* 1 JJxj Ib22 

d-C-J_>-ij •^'LljJLYI 1%-Lc jjjlG (j JjJjI JJJ jG^lJI JaX jx_ j — —lj J ■■■ *\ j . 

lf->'-j fj a i« |»ji> La J-t- jAaj ^ 1 jJSLojj .Ijjk Lu jj i Llj — xil 

j .LYJJI kilL <- 2 . Lx (j J j ^xlxxll ^ ■^ 'v JI Li^Lk J 1 » {y» ^ * ~i~ < — A j y oljlj 8 ! 

■L$J_ i jAjJ d_L-i Li rt l ^ . l \ d a \ i^ll 6J.1% a .“ii 0 . -~i j d * A « II J\£. ^ JijxJ.1 Jx ■- ft b ">■ f 

.^jLojjjVI O Laj-ojj 1 \ r ^jilxj ^ *o Lx jlj_a Jl ^ ~v I j I Y_e 1 Q~ 1 1 .">1 X j^j Jx-ftJI 
■JjLx, jJ j o^XAJii.1 Zj Yx LijJ L jxLxi!l Jx 4.1-x 11 LxLxJJ Cx^JLI ol fi usil ^y> 

a_lxuj» <jljJI jj . tAxjj Jj j- xjG O^txli — ill jLs <1 liaJl ail JjXij 1 1 { U i-y-o ajlj a* 

& JX LU 1 Q >-U <Ji Ul -a 4- r >^ — a 1 i.-j—i, \ j! fl.iO J£j twliLAjJ^Vl wiVXJ 

,Jjl^JI JJ2*JI lift jj .tS ' i .U ijjj Pj-iO <JXj ^ — lAzJI JikJj 6JJ-=*~a 

4 i J ^*>11 Oj^JoJI £>jI£J! J < . m ,-*h ill ^Laj^jyi 

4 *> *> d\ n <JJ ^ 



^ jJIj 3Lc l li.1 1 <£. j^u ijs. Jll CL jx-L^ I ^LaJI Os wold jJjjt yc- 

<JUI i d iLi y 



ol j\ 3t^Jl <xd ol^J ji j nJxlijJl e-ljj| ^ M lAi^ll jJkj^jVl jJ-C. _ i 

,<_1jqIAJI CjMcUIJI (jOTl J <xjlxJoJI 

jx ^‘GJI ,Jjj Equilibrium uJl^ 1 ^ l1 --^ Jl j JaLaJi liu -2 

,>» JD JcUlJl <x^> jx _>ijj Jj .i-j-jj-o ji Equilibrium Constant iijli 

jjIiIjjuSJI J jljxll (j ‘dJjiJ.I jljil • d-J J 1 ... ~ I a i — i jJj 



. Activation Energy iiLL. Lkji jx Jj. ^-J I j ^L_ u _ 3 

ijtx ji jl< -->- Reaction specificity <klii Jal*JI Ixa j _ > -4 

■ CjUta ^j^txLslij Jxlii JSJ Xi.1 j jiLx 



4 ft I~1 1 1 *. ■■■•V 1 1 L» iCw 1 I n * J I JJ £_k_LJ . * /a . 



i^lLaj >*VI 
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_/VC. Ol jJL=J.l J-o LAjjUij Jc vljljflrfc.ll 6 SA k. J .1 > V -v 1| yjllj 



^aJI Cj AU til l I <££j^xj <JaxJI jira j < Cu Llaj£J I Oi i^alaJI l fc-a 6jd i — 3 — o j j — a Lj 

j^-C. 1 f L-4«Jl 1 J^aLxJI Jil >- fl 1~ " Ci't i*j j jj J lj — a Ja O Laj Jj V I J j . 1 A j— A Zfc-J 

't 1 *- Ai . 1_-\J I ajljj _ J5fc kill _ — j 1 1 ■!-_* ***— £jl ^_jL* JA_o 

* 

^ Loji s a lA -fc "1 c-t ALc. Lij J J-^- -ij I 4~i I j\£. 5 'f I ■ -■ t- I (J-oljjJI i ^ -v- i jiS' 

Jil AijJJ j^-8 CjLaJjJ^U j-^Jl j j jJl Loi <t jAj. Jl I — d ■»> jjx. k — fi V — j — A- V 1 

CjL^jjjVI jLa tJJj J| iiLvAVL j a til j^s. i j cl ^il! J^a l j . » 11 Lf A^J > " 

: J_i Lft 0 jLi j - 1 Ac. 1 d If. \ a“ J_iJjj AjIjJ^JI jjLAj 



..A-iaA iJl — rxJ I aJjO Jj JjVI Jill fl ."ill J-C 0-2 J a _/^_j!A Lfl-l I ol — jl! _ 1 

. * II jN-ijJlJ jljll Jtjj *0a l * * *-! 

<LlaL*ii-i ^xj jjV I O-ixA AH j Vj <^J Ai jjV I Jc LaljJ l J_C Oj15 JXjIj I 4 J CiLiSjil j) — k^j 

iijjlcu Ja^*-J < 0 [ (j}[ (_^jiwl a jhO 

J-« j^ A I JJ 9000 <lA-» 4.iAi jJ^JI l^_jljjt £j1 _/VJ 4 k‘k 1 i j Ji uLj-$j_^ oL«J jjVI 

VI J-O J till I 4 i j « .^11 J_o j kjjjj.L J tl l-^-a till J k^_j j jj (J j jlfl 

J_i^£XqJI jfc L .)J .qIAjIj V I Jc. CjL^JjjVI J i ^lj^LzxJI aA-A J-o jUA — .6 J — BLxll 

— aVI < Ltxj-uljj a j_A c-i Lxj jj V l ■,. » .^< j\ j j .(Disgysis) *tii Jl jjill < U “«Ijm SjI — c 

. o i-U Ji-a <J jlx~kll 



<- U .^viIjj *^1 > *^-lxu jo <■ l\ \ oV I ( j^i V I J-o <X- j . a^o <j-o C-»Lxj jj VI jxj 

* 

: JJ l|j n_i ...a' l (J^ai jjjL-ajSJ) lofj LxjJjj <J j . i'n i l l j^oljVI 

Lipase iji-a LI a < ^- i ‘ L L ‘ SjL tijLaj^jl _ i 

_ ^UJ.1 jXJ Jj V l 4 fcV 11 JJJ jVC. <c.j ^ -v -a < lAjj j^yj 5 jl — a Ja ijjia CiLaj^jl _ 2 

.(Coenzyme) 

« «* 

Iaj,, ^ LLLjjI 4_L_lj^o y\X Lj . k — lijjj^j ajl a ^-o CjL-»3^i — ^ 

. Prosthitic group LiLuiVI it ^^.>11 I^lL. jILj ^pJlj 



- 379 - 




ac.Luj.1 ^yi + yjjjjjOi ^_>.yi 

(Coenzyme) (Apoenzyme) (Haloenzyme) 



. 4 Imj jr* 4 i ‘> 1 > u * i*» i~ 6jLa 



/<'• * l 



L^ualj^j Cil&jjiyU (jjLuuiJI pUjJI 2-9 

:j\ u LAjljj j ^ ' M~» 1 ■ 1 1 Jou^LuxJt _ 1 

4ji j<L» 1 j.iAljj 4 i\ i . tjl o-kl ^J~9 CiLajjjVI ■ 

CjLj 6 j-4 j iCjLkt^yj (J M t* i^ll *llJI j I >~ r V I j Jji.Jj JJj JJ 4 al >_c>i 

«■ ! .A«l l j (jLoVI ^ ... -v I 1. 1 ■ l 1 1 iiDj£j i<jJj1u)| 4 i . . 1 1 1,11 11 j l J ll 4 t . . -~L 1 1 ■ 

<(J jLjAaJI ^jjjjJL) 4.%y>j 4 j ,\t ~ i ill iLuiLuJI » ^5 jJl AHj 

^ J 1 j jl I J ■ Al . 4 i~ ni l 4 I ml i 1 1 k — fi l i .l l V 4--k_. L_ll j 

. 4 j > t~ t > 1 1 4...J i.JI 4j LtjJ I CjLc. ja-^.11 j 

J-C. 4j!iIj jj-iilj 4j!A_Laj&ll l^jlLk-a £ CjLaj^jyi Ja* » * 

:<_Jlill jj_aVLi Ij^J 4 L ...*iU ■ CjLajjjyt ftj-A J 

*-»<»* > til ^ ulLm j fcjOU 4 _ i "n .«V I JJc. _ 1 

4 fc Um 4 I ...I ... J 4 k k k *V I VI ^jlli — 2 

. 4 k inwl l ?1^L^U j <jiLAi!l ciljjJI dJjSj 4*hUI ciIc-ja ^ II fjjjj - 3 

.fi^yi <Iu^aJ jLoVI i.- n^ _>-» — 4 

i <‘n * jVN ' 4 * 1 j-*. II ^Ull JC *t*ll _ 5 

■ Jjit~i» « (jy i tiMtt Cilj (j-« JJ* ^ 

u jj Cil j (jjjiU (^.>*3 CiljLkj £-• 7 

.ijjjutjjj jyL jly* £-• oLaj jjy I JoUjjI _ 8 
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: CiLaj f Uu CiU y>»i« — i— i 

I I l A . W t "i jjjJl ^LiOjVI <-LA*l ■"■-«■ — -»J <Jb~tU ill * ~ • *■*■ 

i>“ £-» jl »-iL i - ' ill jl (Jj fjyy ^ 

.Lf-ual^i.j cjIajJhVI cJji— > (j jjI LfJ u^JI 

: t^xL-oj) ^ JiuJ.i4i C un Lr U1 j^aljVI 

.Ionic Bonds _ 1 

.Hydrogen Bonds itiia. jjju^Ji .^IjVI _ 2 

.Disulfide Linbage ivdii ^.IjVl _ 3 

.Van Der Vail Forces JlijAili ^jUc _ 4 

. Polar Groups Interaction ^.l-vall ^ jl^oUl _ 5 

: Jlill JSLU1 jtJi ^ U i U ~ 1 1 |k_^ijJl j j-* L»S 
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ft N O 

w* C t*0*N 
ft M 

U'CM 



t* o 

m nC-C-Ow 
■€*••*• C - ft 

V nan 

*/ *!• 



M I O 

M-C- t-0»M 

i i 

K M 



■X GIV-FtO-HYMO -O LY-X- 



«i_j — j» 




( 7 , 400,000 l.. 







v ^QJI ^oS/JI : (1 - 9) Ji^JI 



Primary Structure : JjVl 



pLJI Ijj4j t O Xujui I J I - ■- l .--II j I j ,1 I*)jj 4 i'll jlL [a-l Y I £ yj tJ.|-L )J 



' " ■ ^ JL-. L1J Cllj j ^ Lfj ■ -~L L I L«J < , 1 1~L L L i 1 <1 ulLll 11 BUCkt)tH10 J5ui 
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Secondary structure *HlII 



J ■ i— .* *> — j — Jl 4 1 **A >*JI Conformation Jv! L> j > * \% j 

j £ *ii j *A*J < i ■ V i~n l 1 1 J_laj ^L-laJ I s fl Lilli 1 jl 4_i ill .J l £-o » — alt ~> j V 1 

< L . 4» 1 i ^l l j 1 lj j^ilj j_JJ ^LAaJI jlJ I j -V-Tw-j IJlaj «t$ * A> . i 

j Aj-voV I I^.a At ^lil 4 j U I jvflljVLi cLJI I j~A >Z.» i i * j . 4-i , 1 l 1 k _J 1 

: yj-Aj < a ll-^k ^ . v l 1 i k 1 1 ^LlJI IJla i > j 

J J-Z- Xlllu ^ iL iJ aaj ^-a^LD j (a Pattern) lilt jr - I 

‘UoyOl j't <LaUl * (Helies) LljjjIc*. Liij ji^. LiLilii 

. 1 ^^X-Q U. A .K j ^3.6j lj 6*i^j^Jl 

Li i* jj «»-JLaSJ*I j\£L K l am ill ^ n ^rjl <Ac jy 3UJ 1 ([} Pflttem) LlU ^ 

jl l ( j *Al.i jJ-T. ^jLilJI (Jjj LflJjia J-C j!i£t j! ^jLLk„ l- > — 1 -ki ^l —ll i-m Lm 

• Jjj^ 



Tertiary Stmetion rciJliJI <-UuJl 

J~}L~JI wiUU! .^VU jl^vi ^Ut ^L^JI JliJI Aj J 

jjJxJ) ijjLlj aj^-ciVlS »„ li^ liij «l(j i r i i.i <4 . '. l_'i t — Jl 

4 4 1 ti I ^Jl a»"l .,J ■ tljjJI I '' A <j^ 3 Ua !^J< ■« 1 j (plj_JI liA Qiui i3 ^ 1 a Af 



Quaternary Struction :£jl_pi 

Ij-A * — SL9 ^J4->JI it— ( eJa X-l £-a> ^J^jVI CjU-ij a. £-0 ij-* 

. J^iiJLl _,jj <4lLij g*\l l oLJi — iJI ^_S“J (i-y <J - 11 f-tlJI 

,*llJI I J A ^ ' ■ t" ^_c. JjJ1j_^lSJI <-ijLxj <ixil^Jl 

:CiLa-i^jJAJ J jVI >_mSjUI (jajLasJ 41ajuuuXI Ol ^iaJ t 

: l^J 4 j 3SJU ixuAVI VI iijJ-a - 1 

JaISJI ^Ul Jl^JI- i 
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. J jSJI JaliJI (jjUl JUlil J^oi _ 2 

.iaiaaVI J_.u-l ' _ 3 



f p<V ** r a / 

t& %t 



d 



W 



Cl 



v: *V . W;_/ ':. 'V ^ -. 

a r n, ;/ F * * 

''L-.^ vi ' k - -h v - 



(2 - 9) jiiil 

ATCase jijjjju ^U^JI jiAli j i ± j. is jj\ axa^Jl 



jc. JqLlj jVI j-a (j II js^-v II j\ <joji ijjj i^JI <JojIjJ1j 

W-ijjLi .Asal J> a . _ » j^c. C/- 1 yt^JI JiJa-UI 

j ^xliS uj^~ 1 {j^ ^ 1 *<* 1 1 JLuj yu-JUJ (_£j II ^liJI lJ^LlU 4 j -h «>ill 

£>» ^.‘ua. j j J — J I <Ia*>1jJly < < > — * ?_ a i j-U-i ^jti.1 y-C. <J !L>y— aJI 

yjjJ j jj.ifl.ll ajjJ ujLy J-k.,i I - g— *■■■ Ij iwj ikivi iiy yi 

. II S jj La-^ U . Lfjja. J^ 1 U 4 l a JS . i . I I 



u-*J l< ’ A *- > JJ x f i ilA-a-jyUll ijjj 5jj Jaaljl 

4 1 ...1 ...Jl (_f4iAi Jx. N H, C=0 -Lu_J J a « 1 .ill Laj jj (A) 2.72 Jjla CjIj 

. tafia J£J ig ll j' 
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: oUjjiyj (jol^aJI 

: CtLi^liJIj U ib-uil^j Cilujjyi uui jj 

(jl (j £ «j JJ iSj .oL^yi L^uiji <3 Tungstic >*!*> .«»^'t~ill (jAjLi. .* i 
JU« it-...! L£ Phospholungstic ^Ul 

.4 mi l JjjJl. oil ^ijJI 6 Li-jiil l*i l I ... jA ^v . .i I 1 1 fc lc ^ Urw ^aJI t _^ol aa Vt 

: Calujjyj jLijiJI ixbli 

( <.. t i_ ~v 1 1 JaIUwJLI jjAjljJIj <»Ull j (jLijiJl < t| oLaj^jy 1 

(J-c (jAJI oL^yi .viU^liJl oL*j j^>yi eJL^j 

LfJ jjMj * K\\ v_i^ Jx 4 itLaJLI (JjJLaJkt j oU^yi (jVj j j 4 -lLI — i J — » 1 «~ i j 
# 

<iaJU (3 Ij^. <ltl» (jljjjJi 4_iLLi (jjSlj ■ i ‘‘->^»- .pH JjJL^jJJ jjiiVI Jxj 

j _rJL3Jl , .wa~ Sajxiu. ,_Ulj_c dU^j .(Isoelectric points) JjLuJI 

nJ^willj .4 ill <_a__C.VIj 4 »__n.1j ■ U « ■ A 1 1 j i5jl_j_ aJI i a vliLaj^jVI 

.£jt... 4 jj .Axil cjLuill .ajj^. 11 jr^ll i<L»ijJl (jjl»JLt 

vlvilS jjjJt ■ *»' II Ml j CjLaj^VI v_ij_ij V LaS ( ^tf\r J^c. Itl'V " I Li v il AU yvj I /j 1 

ill j .1 j jLjjL. ^jJk vIiIaij jj'vJI 1 ‘ ■ -^'j 1 I 4 i UmjJ Ji- t l ■ | „ L - 1 i_JJ,ij 

• C.I _/JmJI jjj i^j I t j UjjLj <-lLLS <lij .LajI it. > <1 

: JjJLa-U (jj f- jjAJI jt ii ml jjjAjj jujjyi jiJ&i 

aa.^j ^^111 joc. Jj u » ji-fc I I jjJl j_>l=d1 » J-* * jJ— ij V 

ji vliltu jja. jl vlili jj! OilS atj-uj J jl-a.ll ij 5 jtil ( jjt 4 * . *> ,«< 4 j » i ^i l ijt 

.CijjjLil vlilj j<ll jllaj 4 / ■« .n 

cL2a 1I viiljiill yvallc. ,1— -a.1 Jx. Lj_l_aJLl oL»jjjyi <il— ^ 3 d ) £* M CfJ 

<sS^ (/ipjJjJ* ojjJ' v^*J ^ uJ^f (^3?- u3j 
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Oyj/JI j jjail allx^. isj y ■■} » . y. Sa-^Jj Sjj ye 

ujj U * “J J 

: (>UJI ollua 

il^Xfcao jjjJ) ^<xx' n> »J1 U ii CiL*j^j^U <JLx\xJ1 < 1 X 1 — «Y1 J* y\j$Lll 

■ lj la 1 * jjjJI ■*.! a Hj 1 q m.ll <Lj«x a J£ • ~ ■ j I »*■"• j 

: Cilajjj^U (j a.iilnl) uuSjIUI j^-lxU ^LlaJLJ-uJLi JjJbll 

. <Jj^ia Sjl <jyUl SjtjJi <^x j J j jj-xxjj^I J^la. 1 1 jl in i-mill yjl (1) 

•(_£ j-^YI <jj x<SiJI cjUj ollj (jjlxxuYI <J^kill £-* oLojiYI (2) 

• <1 ^ . m i l l l l jl 4 i'll mil ijLxiYl (J1 ^jOjJLxJI (3) 

. L _ f xxx jjYI Jjl - xll (j Salicylate rumlLiaJl ( lxjjxJlj s^LiJIj (_ y> a - i. Jl ale (4) 

: u > ithll CiLa-i^jyi i_uSjj jryij i_t^L-oj ^-aJ 1 CitjOUJI 
. 4 In.. Cxi I Jj Lux 4_lnilj ixljVl (jxx-Lxlx _ 1 
. (_jlxxJI (^OjjnJI -laL Cn (jljij — 2 
• <xjyn.ll Jx^jjAi^JI ^ 1 o l -I »J |(SH) Jxx ^ m l -vl l ^xuax laLix a_lLi J _ 3 

.41x1x11 ^xxiLJ.1 aae 6aUj _4 

Jxx 111 j*.ae aalx j _ 5 

. obxy yj y.U.1 JUilt <xLli iatxj _ 6 
jjlyll ix-uali jlaii _ 7 
. 4xxxxxj j.l x ^ Jl __/nxxljYI J \tf\ 1 — 8 

: oUa^yi & ii~u 

jl LiY-ill <x_i ^ a Jx j jLxaJI ttjX-iax Jx. ^yyi < ii u 4 jJ,* c. a. * 1 ... » .‘ 

<xjiui cijkiJi lyxxn^ ou u3uji jib ouyyi 

: (<xLL!l jla^. _/v«£J aUjjJ 
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G-^ i> 



.*UI 1 \ l -w ~ . . . 1 _ | 

. Uj l -^ . * 1 a ^ 1 1 1 — 2 

,<^ljlj jLlII J^^LI _ 3 
.(Lysing agent) ilL^ Ji*J2 <-Ll*_a _4 

a G ^ ^ 1 t^l <Ll a A * Ci(^ L~w i l &jjs a — 

jljii lijjjjJi (_^£^ol^aJl .^^LoVl (JL» aJjJc , Jx. J, ~V A I I 4 1 1 A 11 

: 4 A lj yvc. jl ^t) J-5j 

. J^illiVl i V I Ji-a I <_ij . A vjl jl^il sZj\ vJvA — O 4 U *»lji j— ~x Jl — *-« yvll _ l 

■ o*^' v 

- *. I oLil_**> I <il mo} — £T 

4x^-oliw Jx. J-ajkJU j U j H ^lj V l <Lrv j J yviAA 4 U. ...Ij i 4jj — =w_J 1 4 1 1 a — f . I 

j v^l^. All ijljl ili j*i (Isoelectric point) JjLjO Oljj j <djl 

jwU CjLAjA jyJl 1^ ^aLx^Vti j j J jlA <— 

«■ 

4jjL j jJ 1 jl^J-ti (^-o 1— .A tl ^juTkl'V-i.U t_*-iO V I 4. fl i J-Ls ^A.». J _, 



*5.5 



^yji 



(Ca ol a <- u^i ^5 La hJj-o I^.ia Jxlilj Vj aj V jl^-o ^jU ** jj — 3 

. Lt-A i i <tu3iA4 5 jLa^ 4 h a 1 A i JL»jJI ^.^.a]1 j , Phosphate Gel) 

j*-A i ^jLa 4^o lx a jj ^ij 4 Jx. jl- 4 4 r ^ \~ A oLaj^jVI /ua^i 

^ oLajJhVI Jx. J ^ - ^^-l J LfcLJul 

4 4 iViii , 4 -v w.'.m \ ^i%.*i 4 lLt jjui 1 j 

Adsorption chromctography - 1 

Fractional precipitation ^^Jl - 2 
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Ultracentrifugation 



Electropho resis 



Gel Filtration 



Ion exchange 



Salt fractionation 
Organic solvent extraction 
Dialysis 



it j%ull vZil j SjjUxll ilVl f I a ~ ■I 3 

.UUJI 

filial) — i.1 a — > j ujI _ 4 

.ilUil 

< J 1 » f (J-*J : d?-^ J jLi- _ 5 

*■ * j — "V (jljjl klilj J a . V . r . 

j GI a j h: . 1 

a . 1 ..f. Jm I 4_J-a. C J-ll ~ - 1 1 — 6 

J — C. IjIa I f t Cil V .i J 

— aIJ i_jjjjVI aj-Ulj (_ | > JJ J i f h 

^>xJI _ 8 
viUfilU o^iUi^VI - 9 
^UJdl . 10 



oUjjjyi JclAj 3 - 9 

: iaJlllI CjljlaaJI • >■■■■». vliLaj^iVI jOlaj oN-tliill i 

Sjlil jjyLi Uxtu>j t lXj .i £-• <itL t all ajU. 1 a _ ~> — > 3 _ 1 

.Enzyme- Substrate complex VI 



•fj jiyt j JtUill jjjIjj uj^j j dla^jj _ 2 



Uj^^l IkiVJI >la (2>t ^uLuiVl ijlllj JtLi-JI 

.ftjjl J la-3 VI <-il»r CjE iat Ca-^ij aij d^ - 
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Lr J ^ ^1 ^ ji\ liA ^ Zj^lS <Jj 1 dliAj 

tsjj “^j lj »L* Jl -V ,m 5j^ fj-L ujlW ij-v Calalasc 

: LJLll obUliUl 

CATALASE + H 2 0 2 > CATALASE + H 2 0 2 

CATALASE - H 2 0 2 > CATALASE + H 2 0 + 0 



oiill ujJ M-* ->^^1 u^J' u-^' o^l (jl 

.^L-VI SjUI _ 



t^uL-VI SjUI _ jijJjjyi J^LU Lcol oiiDI j^LJI ^a_ « *i — «ij cJJj J| 4— jl— ua[ 

* + # m 
ajLLl <jl iu i ^ 5 j^' £-* I l lU. i-ii j LiS jja J[ <_iLk^s[ ijJ&JuLl 

■ t^L^VI SjUI Ji.lL J-toLaJI jvjljJI jjJaJU *5fj i<IcLij Inj i i!i*i i 

: otujj^/l CiLiS 

LaLLi Clllj^lll j I * ~IJ .< ...*l -k- -H J\JC. g- 1 - a ill tj lau cU^yi J— 

* ^* 1 * 1 -<*v i f 1 0 1 1 1 * ^ 1 1 ■/** > 

.<Vi» • ■ • ■ M f 1 i* I ojllll SjjkJI cilSU-Jl JjJL _ 1 



.(j^LuVI a -ilil j ^ S' J- 4 * Lll. -vif. JclijJI jl » Hf t «. <_i 
LmLilj 1 jLlr.l aLL 1 1 'S ^- 1 lSj^-VI ■•■Ijtvll Ji >_i^l*L— ~kt _ ^ 

• S^ljjJI LkJ.1 J^j 



,<j 4_uoL»JI (^LkVI O jL J£i «. j 



•u3b^l £-*>• Vj <Lli J-£ (jj J ujl>^' £Jj*LJI — * 



: ^jiyi A»UuJI 

Oj^_* <a « $ JjjLJ ^jiUI (2>-» jJ! j ■ '»* ^Vl ^.LL~ij LLkojJI ^L— * .lie 

CjI^aJI (Jj jl l*UrtlJ i4juullllj| ■ ‘ OoLJt 4 1 gill ^ II til (Jj 

<klilLl juLuiVI jIj-JJ OjLuSJI jl < i » j iUU ol— i i^ll i-».ii ~k~ 
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I 4 J jl^« (jjjSij ,j U j C »VI JaIxaj Jaj ■ -> ■ 1 1 1 <_3.jJj ,i_^.j)U1 

■uLtl^y I AI—M4J iJuLii ^ | A j l * m 

.Aj-iltlij f^y,y\ ^jC. ^jc. jyt-t j 

^y» IaaJj % J^y» jjSLiLa < J « ^ {jC. OjLlC. ixAjyjVI <j-U — ajl Sj— a. jJlj 

aAX ,J^> ~ ,4.» * >j . a J- l ^ <j_tulai 4_ij_j]oa ^nUli a v lj 1 1 <aaJ aJI j ( ^ J L.(uVI a jli.1 

. <jx.L*_Ay jj 1 < > i j U 1 1 jjiaJI : l ^ u Ut A 4 tjji ^. 1 it! Lj^Sj I 

Lock and Key theory ^UiXlj Jiill £j 

Jii J-C- < < 1 1 « a ajL» .lVn <jlj LirtjifOi ■ " ■■■ * 

JxlilJ! j jJAaj ^jJyVI aA^i.jJ.1 ililtjAall (J^ .Jaii A^lj 

. ?U Al l! jSjyll jj-* L$jl* JAaj La 

<ilia Ja: Jjjj jl <5Lla KitLiiU jl^J.1 CjLaj^VIj jiaJLI (Je.LalJl j 

MxaJ <aAA ‘ ■'• ‘—(Jo J_)AL Tw [J a l> ~ l CiLaJ^jVI olj 4 — oJ^Ul Jaj ilfjjil 

Jra *-. >i Vi J 1 <jUa < AC.I ia« ^JaIc. jjjJj II Aaj-uSjI Ale 

<JLa. j 1 a 1 k 1 ( 12.000 (Jl ac-Ijlu.a (J^L»S (jG^LJI Ale ajjk jAitjj <18.000 — 1 

jj^jl Sj-»_L4j 2000 <jIL 1) a aa ^liaj Catalase ^j^VI j^j 

La a a~lc.i 1 _^uLauVi a aLMj f^y>y\ ca -* <nit jx. ai* ah — *j 

Lbj ^L.iuVI ajlilj Ca 1 j*J4^L_oJI £a-o^jj .ys*k i Ja — ol 

jLLUt Ij I fl . ' 1-v‘n * Iit» I _/X. J <ltWtt jjlolxA jjaiLujVI a J LaU jjl tj* II tl Ji 

<*i*^ .Lllj jJSLiiJI (Ji (3 LfJ IaaIa LfjJI lr> III 1 1 1 £-* JADkjjj L — 

(jx <JLmJIj <l-> .nil olj aUa $j C_j JoJ^Ul ^Jallll jjjSxt ,^b j a 

1| 1>AJ lyaLuiVi a jLLI ^ ^ ‘ ^lllj (Caj^U) cAiJ^all C j * > 1 T > H (3“*^ tM ^ 

.(c) ~U <a1a£ Jj-. <->->■ Aaj ■ tSJi * ji.! 2r* ^ -~. IV1 J-C 

3 j i. -wll J ^ ji.1 jaIaIU ^LULj <(a) U A* i 1 1 \j-* c<L.j_ 1 jII 

.(3-9^1) 
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Cel! Biology by Shecler Jiiii (3 * 9) JiAll 

I4-1I V [ liHx JISLii U j 5 > ji. ajLxJJ (u ) 
.^mLwVI 6 jill (J ^/NAjJ d ‘j 1 Jl oUjO I i * > (b) 

. VI OJLjw Jl ]n *t* kll J^X_M (c) 

JoJL> 4. i -*4ij Laj — i-k*Vl jljll Jo I — LJ^VI £-5 -® <jl tit \t V I jAaj J 

i j-A Jlx. V ! SjULI jl^ Vfc «*il a’n ft uLiil JJj aa c. jl a ^ lj ^4 j — i-l J i — fi.ll 

J^C jlj^J j Jl <-fl^ «-J «-ijl -W ill (5 J— i 

.•UuLuoiJI j-uo!jVI i— Said Jl al+^Vl laA ^ j V I SaU.1 ^-oljl 

( Induced Fit oVimU oj^Ui^S 

'UJ J.l^-1 ^ jJI ^ 1 1 J-c. a aTi** ^oJI ajaL*ii^S L..,qj a (4 ■ 9 ) 1 1 

JJLj ^ ft a i a jl ^ A • i Lq-4_j 1 V| (u) ^Ll-VI 6 jlilj Ja-**i-kJl JLl J t _8 ^L_j — ^.V l 

J 1 .n i J 5 diJI J (jl * (b) ^Ll^VI SaU .1 Jal^ 3 j\ 

jSJL! (d) Jcliill £jI_^j eJJj xj .(c) ^L-VI Salil J j^^ljVl 

,<JjVI 4 UU Jl dJa jlxj UAJ 1 
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ji (4 - 9) jsLiitH 

Cell Biolougy by Sheeler ^ 



j 4 i ~ > „.o jyz. CjLajjjVI 1 j 'it. 4 > .AjiJI a.i-4 ,~il a . iU i J ii_j 

u ,aj ; Jj <+jLULl — =»-j w>» ij-o l — jJoL-ioji 

4 a ii J-* I^C. ■ ' '*v II , 4 a AU~ 1 1 

: S^VI Ci^Lclij j ol^iJI jjj 

I— I ■ tj ' ‘ ° ' ...11 j \ Jt £— * JaL_jjjVL> I.J-V II ijljjj — La 

.uL il *** jj % i— > » -*• .(Sulfides) CilAjLiL^ll .hI^j jj ... % — . 

: lAJJv^I (^ Aj a v' i -Ixj 
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: ixujLxu Vl <£jjhxi ikxuj-dl 

uj^ uy^*3 iSj^ ^j* 0 

Asimple unireactant system- Rapid equilibrium Approach (Henri, Mi- 
chaelis, and Mentcn) : 

3j J - l . ,. 1... ajLa ^ . j I i — j a ^ i Ij kll — 3 — Jl J a hi. 

jj's. a i j .Cleland aJ ■ ■ . .. -v (Uni Uni) a \ 1^ 1 1 a j-A ^c. j .JauoLsJI 

: 3E1 L a i AAi-fc uau^j 

K, K, K, 

H + S-==^ ES ^:-- -■ EP ===== E + P (1) 

K„ K, K., 

-l v ... r»l j .Central complexes h^S jil oh a j»1Lj EP, ES 3. J£ j 

.hSjOk <li U < i a ah <JLc.Lij j i.a. 1,1 *3— ^ j..a .« — » j j- yj j— ij-w tdJj 

^ a -^Vi (V,i Jai J ^-aLaVl JcLLJdl j 4_jJ jVl <-C. yvJl Sj*A.VI <_J — U3 j_iJI , 3 ila' t ' ij 

: jjLj Lnu\ Jc-LajJ! * i l~X aj .3_aoLaJI 3 ° h_j (_>aAj V ohai 
K, K, 

E + S - = ES — E + P (2) 

K, 

ojl+*^^ 1 Oa*i ix y\*JI <JjLu* 3 ' *~ ‘"1 Cj ^ A J eUj fr i _j-AQ 

.E+ P j ES II h _ij 31~>.~ 1 it _p-uil Jjj-a £-» i— c ES, S, E 3 -“ <J^ 

:ES _)l Jx oij (^l ij <x j-a ~ u. " i j 
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V = K P (ES) 



(3) 



(■ ■ "Cataytic rate constant" ^ Jj «. - ojli Kp .‘■n^ 

: ES, l: jfUl 

IE], = [EJ + [ES] H) 



j [E] + [ES] ■■•' oi-w . [E]* > It. j^lA\ J-c SjaIxII <JaUit aic.j 

: J-c J ii-i-t-i .^JcLajJI ^_uLsJI 

ji_ - k p |ES| (5) 

[E], [EJ + [ES] 

ES s* ' il l ,^aj .Equilibrium assumption ^jljUl 4j-£>_>i ‘ -. ‘j 

: ES alxil JEjJI c«li ^ Ks . Ks, E, (S) ^UUL. 

Y - IE] [SJ . K -. m 

K * ' TlsT " k 7 ‘ 

[ES] = fj- IE1 (7) 

: J*. [ES] 0^ 

K p [E] 

- 7 ^- = ( 8 ) 

fE1 « [E] + i^- [E] 

.s 

: J_c [J ~i E wSJ-i- j Kp — j ajx.j 

jS]_ 

v _ — ^ — (9) 

K„ [EJ, jSJ. 

K s 



v = K p (ES) : ^ 14 i 
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V E >, = v ™ CO) oli 

; HS j«lij q.l n-i 1 Lajlc. Jj i<Tk II jS n i ^^jJI *Lt _ jvaJI ^_4 j 



V 



V 

man 



[S] 

K s 



1 



+ 



1H 

K s 



(ID 



4 ^ w o 1— ^ V 1 6jUll olj 4 In i t . M » I a ~ M 4_f. y^JI <J jl a 6 ajL-cj a >j 

Vjla^ jSSVI tlAio - <JUuq u UrJ (Simple unircactant system) 



v - t. 5 J (12) 

v ™ K s + rsj 

Initial velocity <-JjVI , Henri- Michaclis- Mcnten ilaUil L_>,Pj 

Xuc. Jdis Kl-L a-ti <JjUJLI j |< i ..)LmVI ojlil {_yz ^A-*-° j— I "'t S^i y u II _/vmJ I 

ijLil — a %5 a «"■ . ..I i . 1 1 U~i i * ~ ‘I 1 * (S) a L ~ IjJ ilj^. j\ O-S^J — >— ill 

. -Wfl q 4 1 .»i 



J ft Avnli <5N«-aJI 6J-4 ^JaJtLJ 




Biochemical Calculstions 2nd edition, Irwin H. Segal :Ji 
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Zero-order Kinetics ijj CiUS_^ 



^xl_Lii j Kin — 11 Jg- fl j < S Km jjnfl ^ ^ 4 > . ..I . ■■ VI ajlll 1 a . iVj- 

u 'i "Henri-Michaclis-Menten" BjLjI "denominator" 

1 | <JjLaJLI jt 1~» . .» > 



V 



v [SI 1-S ] »> K 

max 1 1 

K + [S] 

m L 1 



V „,4 IS] 
[S] 



v = 



V 

1 11 : 1 X 






■ll"k jjx. ^ \ J iS J-C. 6 J-aj-X-o yvc J OjLi <£. r< ll-af. 4 i'-k Li 

I Li^> P j 0-3 Jj S <5iLxJI jk *»j jit 



First-order Kinetics JjVl jJI CjUS j_=l 

iJjli—* S <C<C<C Kin jj^ » l — a jjt S, v <_l L . - J1 MaJI jU_^ — il 

"Henri-Michaelis-Mcnton" 



V 



V 

max 



[S] 



K m + [ S ] 



(1) 



ijl <JjL»il jL^ilklj jlaill j [S] _11 JLjd [S] <« Km ijjij L*«uc.j 
V = K(S) 

0.06 
0.04 
0.02 

0 0.02 0.04 (6 - 9) 

OJ»1j VI ijlll 

Biochemical calculations 2nd edition Ji 
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V = K(S) 



( 2 ) 



JjJj JcUlil JjVI _>JI it_/w Jjlji — • Cul> (jt k 

moles x liter' 1 x min' 1 _• v tc^Jl ^c. ai*i .<1 Jj / 1 jl 

: _i (cLJjJI J JUJI / J>») moles/leter _j Km Jlj 



v m n UJJi/jaii/j^. 

K m 

moles x liter 1 x min' 1 
moles x liter 

moles liter 

— _ — — — . x 

(liter) (min) moles 

1 1 

min ujj 



< tlUll ic. .l w j\i^a S II C)J^i (_^il CjVUJI {jC. <Jjl — ill jy *- 1 

S oit J1 ij-* 



JJ ...yi SjULI CuliJI J j . a — " i <jl i <* — «Lc Sjj 



-d [5] 
dt 



v = K[S] 



-d [S] _ y 

dt 

•jl 11 i J - t ity-JI 

^ 5— — I — 

cJjll Cs* 



K [S] 

»jjkJl I tjLLt 

c>A*Jt wJj ^ 

Cfr*- 



(3) 

(4) 



jl 



-d [S] / [S] 
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dt 




"First- order re- JjVI jll ^ oijJI V ^UoiL. 

j^uo [P] —Jlj ojjJI j — - a [Sj (jjJI ^jl^jJI jK lit VI j-c. J j ^ .-v II rgion" 

jjj JMi. J^oLaJlj < I aJij- m JH SjUI <.u X I .OJjJI 

"Integrated first-order- ii.lSiil JjVI if, JJ <^^1 <JjU-. JLjO^Lj ay — • 

. rate equation" 

v = ' ^dT" = KlS] (5) 



d IS] 
dt 



= Kdt 



jl 



( 6 ) 



. t j LqcujJIj [S] j [S] 0 <itLLl! <j_ojLmjVI SjU. 1 ^j_o yjjil Jjiliilli 




(6 - 9) js-ut 



In 



[S] 0 

[S] 



K(t-t 0 ) 



(7) 



( 8 ) 



2.3 log 



[S] 0 

IS] 



K(t-t 0 ) 



jl 



(9) 
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.(concinitial substrate) JjVt o^L-VI Sjlil =[S] Q Cj\£ Ij^i 

. Zero time i^Lo cjjili = t^ 
: *}U1 iJjUil 



2.3 log ig- = K, 



( 10 ) 



ts] = [S] 0 e' Kt 



log [S] = - t + log [S] ( 



.(jlil cJ jJl) elapsed time = t 
. t i i Li 4 ^Vl ajlil ~ [S] 

: jL 1 a l ij 

^Liul (10) iljUll SjUlj (2^^-oJJ 



( 1 ) 



— Lu J i_a Ij linear L-.»,»i,1,A>La LLo* ^ t,. l t j^SJ « ^ "njlcjJa ^ ».i^i IjJ 

jj^j l_aai_tj . log [S] j^n j_t log [S] intercept £-L.I_Lj (- K/2.3) 
L*jJlc. j 2.3 log [S]o/K > t -A.a intercept * [S] 

.(t ~2 ) half-life cJjJI > >» <-» » = t — i (S]q -y — - [S] Cjj ^ » 



Q 10 = 



K, + 10° 



( 2 ) 



K 



E - RT2 ln Q -o (3) 

10 

iuj cjMcUiU "temperature coefficient" jj j 

a j * 1 1 iiltlill] ajI j-a 1 1 iotjj J*Lu £ ji j ja^tll <— «l — aJI Q-a^U.) |^» 4 , 2 , 1 

a J > - b 1 I tilij (Jjl a j i -V 1 I <_LAJ jjV I .-.Vfl 1 "ill j A j i -V 1 1 J^CL jL-C.1 — I — ill £y» Jjl 

. Lt j t or !>Ut aJ^Lwll 
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Arhenius equation - Energy of activation ^ y y ia j» iJjUx 

rate constant ic n * ojL» 1 jl <Jj ^ 

Ea"activation energy" K JtliUJ 



K = Ae KaRT 

. rr Ea ] 

IOgK= 'l3RT T +l08A 



|\i»j Jx * k * i 1AT m \jun log K | > ***_; XiXj Jr-UJtJ Llilj A 

. linear ^^ki. 

: ^ j LuU Integrated” j- j'i I L*1 



5. _ _Ea__ / T 2 -T, V 
K, 2.3 R \ T 2 T, j 



Ea 



2.3 RT 2 T, 

(Tj-T,) 



mog 



K. 

i 

"k; 



j* 



"specific reaction rate Jntiill c^ljl .K2, Kl^ JS 

.WJUCJLT1.T2 Sj! \ ja . constants" 



"simple rapid equilibrium system" kx^iJlj (jjljUl yr“ 

log Vmax/[E]j f^Lu j aitj Vma)i/[E] ( — (Kp) JjVI <jj _>U <c J1 Jox* C*j1j Wj 
y Vmax H tAl~ ,*■■ <ki_» log V max Ea Jx Jjas-i IfT 

^o^kj (jl V c«j T _JI jx K m Jl oJ jL*1c.V . .Kp — II 

SjljaJI iZjLs. j J ^julo>. ij L*x — i t* * ^ .* »** I — “>VI SjRI Cy+ k * * b J cAf 

j J Sjlj-a. (JSj f— ^11 Lh» Vma* * V “JJ— 

JS <xLi_» ^_j~u J 1 - OjI jj (_|x Vmax —II oilxLtill 

<j j ■■■-. M Ea —Hi iSjl_vaJI kjj jjxilu <- i t i A -j a j j i n j 1 —4 ' *-* 
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<xDj ^X ajLjy J,L xll ^JiAi jJ Li^Alia l-A XX ^ 

ic. j^j Jjj_a olj oliau o~k. \ a r>! Ijl nonlinear ^ .aj j I ^ *« < j 

(j^aj o V LJI ^j ^\\ j jj 4 e K ■« Sjt_> — ^ c^t . %jjj rate limiting jx^ 
(Transition Sjly-JI oU.jj ^Axj j <L_« j "Sharp change” j^iill jLv ^ ^Jl 
U (_^^-=k.Vl Jl a j j-k II ixyJI Jxjl-o a^Ja.sk Vrnax -Jl j\ i ,1 > kt urk * temperature) 

^AxlLJI (JC-itJI yVkij ^ \ \ t 9 Ajl v ^ j j (.^pSkLill j^oLiikjVI 

: LT^-Jj ^ 1 O *^ 1 

^ 11 jkJyll (^h« JjXi-A <_£Xa vJ it/t oLaj^jVl ‘ 4 — ®Lc. 6 JJ — *-£iJ 

J^-X-j x3j ijXjJyj^U ^Jac. ^xrk jy ,1 i A i-rwyj Jy rwj O VI — aJI ^Ui • j - k rw ^L_jj 

^Vl ♦(inactivation) JoLJxiil ^IxLiS j\j^jVI Jx <xl \ "II olj^-iVjJI J[ 1<xa 

Jxljull ^■aL\3u 1I icyv*Jl Jx ^j. j ja.i j .11 I jl * <\ *4i L*-u I a jLII oLxj 

.jj-aj^jVI Jxlalll oLjjil ^jVa]I <JLv Jx ^ .Ai rk jjJ^Jl ^Vl 4—^.jJ XJj 

.aaxLti*ll oLaj^jVIj <_L-fc*iL*-uVI Jl^ll oLftj^y I Jj-a 

‘ — fi V"l ~k- L yjlx J lx y-^Vlj jj^XjljV Ifl -.At I a J JxJLa j X-XA l Z k < 1 

^UlL J^yJ ^Jx ^ XZ*Si V <J. k ^ I ) ^Lxa Lfl ^ % k i 

Ca^jVI J *La) oUpjyj Jx 4 V ( ^i, 1 Oxj L -j . - J 

6JX xillA JjLi 4 iJjU^o ^Xl^.jjJU^JI t^VI ij^jJ jjij LaXlr-j ■ A.U. - _ > 1 VJ i 

jAAt 1 J^jljLoVi ^Xp- oUa^aJ 9-5 j (PK.) cl^ftjJI OjLj j^VI < — ^ jJ | kj > ft I 4 J 

J yyLj wile. aLxaU <Jl— ■ ‘k. yV i V* j *^^J1...,SH -Jl **■$ 1 1 

JLt yi^jjjafJt (J-VI ia.ja 
Effect of pH on Enzyme stabilithy and activrty: 

ui l --‘. L ^- Cj^Lt-UUI 4—C.j^ j 0 - ' lj.- ^ >JjJ— tfJI L^VI <-^J-) Jjjj 

js-i jl j_* (active sites) <LXJI 
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j r j u a til j *\j. *11 confomation c> » jx. o' J^.1 j Jtl > n 1 ) 

4 i | tj4 ^ t a i * l|^4i t 4jL*4«L*h**VI jl_J-ll s'l 1 1 A I dJj ^X. SjLl'J i.L^VI AJLLLi ^LjjI 

. L .Vii l (3 — aJJ pK — II .^VL iujjj I fj-4 J — a.lj 

.<!■ SjjJjk.jJ.1 <xLkla^JI £_uti_LI |Jx wijjuj O' ^ jlrl't m'» cilj -U-J J 






Papain 



-i I i 

4 e s 

pH 



"confomational" <a*^oj ol^njj 4_i...i .^Vl SjLII ^ oVL^»- Oj 

^Ul Sjl^JI <->. jJ j' (j*<VI Oj^ 

“ * 

4 ...;•. j^^iVI ^ aj& o' u^fj ■ "denaturatiin" J^ ! j 

J| ^Vl J 1*±> L uj ^Ij^il ^i-i .oljnilil s> inj-^ 5 L - Lt 

SjUJ tl»li O' O^f ^a J- 6 - Sj ^3 < Sj -=wl. jl <jjLJ a^i_*o ola-a-j 

.jLlkVI ^ u aUII UjJI <> O-Vl <L> 
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Enzyme Inhibition -h i iVi 4-9 

(Inhibitor) j-vAiLi jj-ajjjyi JclijJI <£ j^u u a i a. ^.iUi SjU! ^-a — uij 

<-*41.1 JjUl (j-»J «< iaJI L»V-All J OiiiilLI Sj^_ri.VI 4jlj I i -L v t. i . * > * > H jt Ca , « , j j 
(specificity) ? > .oj ^ ^ jjc oL»^l» a In > 1 \ .ill ol . mljj L$J * - A . * t i AJ 

<j.)VI elljSJ « ia-iiuJI sj^ji (jjljjj—iJIj (jjl—j — 4 — oil I ^ jjV l 

CiVl «»I> ijjjVI Jar. <JLIjia ijJL l-> t .*>*11 Cj V l a » ~) uV 4 . j L a_« J1 <Jj — aVI (jaj 

.'.iiL^....^ jUIj - ( a ^^...1 1 , preservative oUiiUJIj ,i_^JI CilaLAil 

Competitive inhibition ^aisQiil iaoaiill - Vji 

ajlll hLujI £_ll _^J! £_a jLxjVI ^ >l->" *a~ ^lll ajlll jJk ^jljjJI I n t i l l 

(3 jl A 1 1 T a J I (3 ajjj^^ll jl^ll ■ A. 1 jl 4 ti-jt ^yi ajlll (j*A J^ I i 4 . ‘ . 1 >.l I » V 1 

-w l jjh (Malonic acid) elj^JllI a a ! n. » Jr 1 »* I I J .^-. 1 -^ jl 4 1 ...1 ...1 ajl_a 

ef all (Succinic dehydrogensse) j^jiVI h>V> ,^1 JjjJUJI <\ ilxUI 

.fumaric Jl J[ succinic Jl (_^-U. S.l^I jiaj 



.(sulfo Drugs) j il a., II <jjjVI ^UlJI L^lll j-c Ladaill <l*L..aVt Jj. 

.dJjill j^^AjaLaJ (jl n II a l*i >1 1 £_a J--I .I* I I 4 l> I J I Af l il uJI _*-* 1 » f . (_£ jjj ■**> >— 
,>AVI L <jJI elljUl (jAaUv. ja <~i-yLa. J -C. ,3 (jlaujVI (jl j ^ In I i *•>_>- r>- 

, I a| > I 'i * *1" I D 

»» A 

J * > a ~ > 1 1 (illjUl ,jA-aLi. ■ jCjtl (jj If-ji. * ‘ ■“ 1 ■*■ 4 a I - ..II 4j jjVI (jl Q ■ A ' i 

tUJ jjUUILLuJI J U»_~^a I j| (^jJj La-a (Para - aminobenzoic acid) _j 

JljJl-i^ ‘ 4 aj i ^ ^ ■. II (j 4 »a£_a 4 utiai 4 lLa £: JjJo£. L ft ij > » JL dLj^j rkll)^— All (jaal ^ 

:oj«l 

K, K, 

= =■— -■- ■ ES » E + P 



E + S 
+ I 



El 



K _ IE] [I] 

K ‘ " w 
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(concsteady - ilLJI ji JxL >..'>11 <-JjVI 

' 1 4 ~‘_ i o^LtliuJI (ES) <j— I mVl SjUI - state) 

U *- > « V l I Jr> itl I jj&jj Jl « «~ -..1 JU. j * i 

U .M l jX-lX .lit <— C. j~*JI (^jl — (Vj) iu_jll .lit 4 — C, _ 1 

j..ii jx Cj-* V * ** U* V I SjU.1 ^_y* LJLx Ij — i. ^jj i . 1 1 Ulj j 

.ES 

.ES li j»j jjVt <il*ui <xujLujVI S-itdl (jj Jlx j-iSjj jjij jjx Ul _ wJ 

(Vma*) ^ II Jx_^»Jl (jjLiiij !•» Pi 1 jjx (Vmix) ix idJ-Uj 

jx J j i.r.-t. II <j jJLLJLl S _J j^UkJI K II LI i .U All Ij-* ■ iUx jjx 

1 ^uiLUl UAH Jj.yj O-jx jijJ_x**L_i (-y~ Vmax u «U»11 <x j-JI s, 

jixll li}J <kAll ^Ijj (>> 'j-ySjl |^1 j ei (jijuj r ^yi (jj* tjva. 

(rapid ^%uJI jjjl^jJl L jLx. VI aAj^LJIj ix ^*JI <Jjl « . * *** * .S -J (JU-* 

jx .dJjJ Up ^Vl j-jjlu equilibrium conditions) 



v = K p [ES] 



CE} t 



K p [ES] 

[E] + [ES] + [EI] 



[ES] = -EI [ E ] 
K s 



[HI] = -E- [EI] 



iS]_ 

K c 



IE] 



Kp tE1 ‘ IE] + -P* (E) + -E- (E) 

K s K i 



jl 
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V 




max 



[S] 

K s 




in 

K, 



j 5 jjl .u'i iLjU-lcVI <J jli *i <jjLuJI < — *-ut jj -iicj 

(J^.1 (3-« j . ES cljUlti ,dJj Jxi SjUj t El JJLiil JIaj (jUl — r~ — * jljjl 

: Ks -i f-llilj I n -mill t>“ k-J <JjU-aU Jjxill JSJJI J* Jj^rwil 
v _ S 

Vm “ K, (1 + -^-) + (S) 

5 K. 

Jji-j jj j t* -u VI <JL=l. • 1 1 <£,^vuJI 4-1 -1 1 1 « J-C. ■--■ -V H (J-^l Cy*J 

■Michaelis - Mcnten <Jjbu» ^c. <JjLj— » > illkjj .Ks Km <JjUu* 

JqjaLI i jjIjj V V max II (jlj ^ J _!_J J^UJLi .Km II 

Joj ill yoU jVI JS4JI rk— o JMJ Km —II <_Cj^u jljjj I « ‘i 1 1 i^oxll i * II 

.S aJi V (jo iiMjull kill jj .<£. jxiJI Jjjt* J-c. (^kiUsil 



: (jL. Lo (J\ a~ > ^.i«l‘*ill U i A* 1 1 <JjL*l 1 1 J£^JI 



J_ 

V 




V 

max 



(1 



K- 



l 

[S] 



+ 



1 

V 

max 




fe'JI 

y,vi 



<4jJjVI <JjU 1I j Km II (1 + I) + Ki JjUJL. Jjll jljjj .I. ii. 

.jjk US — L_ j^UI jxi 1 +- Vmax JIaIj intercept ^IHJI Lr i±, Uin 



v 



- 405 - 




Non • competitive inhibition lajuliJI „ Uili 

Ci in LmVl ftjUl ialaJ ji J-C. jtvjVj j\£. 

, 4 ft 1* -V- -A (Jj A 1 1 I ***• J <-ulj A i f . ^S\r & IJJ—U3J S , I {Jj* Acxjj^j « ^ * H j J 

.__ X jl I j-laL ijaLc. iHI — jj E — j S Ji»jjj < ES ill! E I J^u 

. kj!u yvc 



S H > ^ , CH > 

CH-O-P— O-CH — 

CH, o 'ch, 

D *»*W®PT in «o»*f>**Wh«*i (Df P) 



v i r> 

-* pH-o-p-n-cn 
CH, & CH, 

(D)*' wr*!.) 



E + S 
+ 

I 



El + S 



[ESI] 



E + P 



[E] [S] _ [El] [S] 
s [ES] [ESI] 



1+ m + iM.iEj + Jgim [e, 



K ,0 + -ir-) + (S) (! + •£■) 
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J. 1 A 1 I Ijj , .g>i ^ailjiJI j^L Jpg .All _ajIj jj,\ Y* JjS aH l>“J 
: <JjUil Jx Jj ■s-'~' 't QuIjiVI O'-* Jx. <£. yvuJI ij jL»_o 

v _ [S] 



“*£> 



K, + [S] 



[S] 



V K- + [S] 

max , 5 1 J 



u + f> 



j.a US (I) Ca-*- 0 j-.‘ ^ Vmax_]l jJk Vmaxi j 

6 _/OlLo J*Jl Ks _JI Ujj Vmax 11 JjIl* ^4 /i lyAU .u-v^JI 



J_ 

V 



K 



m 



mix 



(1 + k 7 > w + V 



l - (i ♦ f ) 

max 1 



: J^UJL* .lljJjj ^lal t ■" llj Jjil 0-® S 0^-* A_Lll ujl <Jjl ill 

(JjJLI jljjl IjJ s 1 1 Control plot" IxjUvII jJL* <jjj^— * (1 + — ) 

.(-1/Km J1 LjLm.«j 1^^ «11 ^-LiLUll oi-* u “ * l ‘ j 

^.S.r, p ••■j jU_il pS a 1 il/V -k * 1 1 j-LLaiJl 0-* j[ <(Slopc ) Jxil KiJI uLug 

. Jrxti.U {ja jjSjj JSJ 



- 407 - 




t IxJk 6 j I a*"i 



vZjLu ji^l po 3 jj j |i,j, 4 ii 51 5-9 

oUa fuuxifc 1-5-9 



^-1-4 Ci-^j (J| vllLu^jV) f |4» Vt 

: 5 j£LmJU 



Oxidoreductasc 

.Transferases 

Lyases 

.Hydrolases 

.Isomerases 

.Ligases 



v^Ui^yi _ i 
<JiUI oU,^.Vl _ 2 
j iaj (jjJj <LqL#JI »TjL»j — 3 
<1^11 oUj - 4 
SjLLiil cUOiVI _ 5 

ti jii! - 6 

ou^yiO) 



.jijiivij 5„i .n^yi j jjjji c>L»jj>jyt j* “* * ‘j 



+ 4- + + + 




ou^yi ( 2 ) 

H> — H 1 




.^LV ^4 ,> vjlx. >4^-4 Jii c>Mfcli3 (J> Ja* 3 ^Ul v^UjJyVI 
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: <*_i« 1 1 ciLoJpyt (3) 




Cj^Lc-Lij JftJU (jjJI CiLfcjjjVI |ft- J ft 2 (Jj-jIijj 

:Jt»*i <A-LoVill (4) 



A- 



S 



< 

A — » 



H 



JiOl j_puJ» ^yn frlj2-1 vll t'v i i j O^LtLij j JaJU CjL«jJ>jyl ,3 ft «V» 

j Ca^VI j*-— ft ftUi j~~q\Xc. ^3-* jl L^J j »1 ijj j iju 1 ! 

4Lujl» iuVI 



is^lnll oU^yi (5) 




.aa — * (_j Ai 1 <jL4oJI JJ cjI|jLuu j— 2.1 jtJlj jjjJI oLftj jjy I 

olftiuJI jl I I <j t im* II 



o vn — # 
□— A — A 
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oL^VI ( 6 ) 



oUjll vJ-^* j JoVajjl j z ^jJI >iiL»jjjjyi 

LT 1 ^ jl 




Hydrolases iludl oLujjyi 
. C-0 _ \ 

. C-N _ v 
•0-P -E 
. C-S _ J 



: CiUijiVl aj-t .l^Li J i.u* i ill SyvoVI U <»i it 

o 



R,— C— NH— R 2 + H 2 0 



R ] — C — Q~ + H 3 N — R 2 



(> i*. ja^ "Proteolytic enzymes” cAlp j/JJ ilLJJ oL^yi jy^j 

A » 1 1 ' l ' I I ^l .l''fcll ll a . - , 1 4 l l a!1 4^>1 a 

Lyasrs ^uu jjoj iLotUI CjUo)jyi 

: <Jbl jl jfcjU 

. Ammonia L; j-»VI - ^ . Water *01 - 1 

C 02 ujajtiJi jti _ E 
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decarboxylases j.Q.- 1 .- • oU^yi 

:<aaa_oVI (joLa^-VI jl (p ■ Keto acids) Uu <_u iS 1 1 ^o U-» .VI j^o (j^jjLSJI 



O 0 

II II 

R— C— C— 0‘ + H + 



0 

II 

R— C— H + C0 2 



Ci- Ja.L-^ $JL^ j US tUI illjL dehydratases US 

Cis* jSI — J! cn J j -~ i Jr.1 — i ill trate dehydratses 

-. aconitate 



ch 2 — COO- 
HO— C— COO- 

I 

CH 2 — COO- 
citrate 



aix aie 



dehydraiait 



CH 2 — COO- 

I 

C— COO- + h 2 o 

I 

HC— COO- 
cis-aconitate 



Iso me rases S^l-VUI 

•eC.ljjU j I i->.~ a A'~I jjjJI 4 .m'iI-WaJLI y\£. <J £A «t adl (2^ ^-Aj 

:<lhUl 

. (cis* trans) (^/uaIja _ >JI 1 
. (Keto- enol) J^ui _ jSa£JI - v 
j lS 1 1 _ jjjjJVI »■ 

jyi jlSJI oljJd ijij (j; jJI isomerases" jy. j^aVI 

: " racemasez " jjA^J_dl jl "epimerases " l ^UlU 
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ch 2 — oh 



c=o 

I 

HOCH c P |mefa *« 

I " 

HCOH 

I 

h 2 copo 3 h 2 

D-Xylukose 

5-phosphatc 



CH 2 — OH 
C=0 

I 

HCOH 

I 

HCOH 

I 

h 2 copo 3 h 2 

D-ribuIose 

5-phosphate 



COOH COOH 

I I 

HCOH raccmase HOCH 

1 I 

CH 3 ch 3 

D-lactic acid L-lactic acid 



j illjLjJI <£.j » vll Mutates 1 V 1 ^ ^ * * j 

Phosphoglycerate mutase ^ j L** J *L-« 

o>a / uuKjj — 3 J[ Phosphoglycerate cu / ««* ~2 

coo . ."3-Phosphoglycerate” 

I II 

H~C— O— P— OH 

I 

ch 2 — oh 

2-phosphogiyceratc 

phosphoglyceromutase 



coo- 

I 

H—C— OH o 

I I 

CH 2 Q— O-— P— OH 

II 

O 3-phosphoglycerate 
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Ligascs 



lalxt jl (jjwiijj iCullxJI 0^-C.lijil j'ii.* (jr. <Jj vl»Lu I I4-J 1 »*j 

:<jjlijJl cti.VI .ATP >_& J.\ SjLc. J.**" ... i j . <j LL* >. 4L11 j 

Amino acyl tRNA JilUl .1 .j JaaJjIlaMI _ 1 

■ Ti> ijyi*)! 4 Aaau)^j Jl J i (jLl * — *— 1 

: JUJI JtUUI ^All (Pyruvate carnboxylase) 

COOH COOH 

ATP + HCO, + C=0 ■■ —— ■ > C=0 + ADP + Pi 

i i 

CH 3 ch 2 

I 

COOH ca^“1 >iusvi 



Numbering of Enzymes CiUaJjyi fu3jj 2-5-9 



4 *Ui*J JUIIaj 1 1 lAci . jvolic 4 {j* (jjlijj J (JSfcJ 

: <JUI 



.5, 4, 3, 2, 1 fjjjVI yill Ji*j JjVI - 1 

.(sub- class) * f j* - ll aa^J jCoVI . - ^11 J 1 *a Jill I . » 

1C 1 1 OaaL> fjc. pJi jJI Ijjk jyL J Ml* <J jj 1.1,1 J » ' ...< jll lilLajjjV! 4r J » -k. 1 

:*a-u-SVI IfAj (jUlj donar groups <aj» 1 ^JI 

.CHOH Jj-*a _ l 

.^jliiJl jl juLkjJVI * J 1 *j _ 2 

<C j «-y* 1 1 OjIaJI kl)L*jJjyl 1*1 .4 * i J I 1 J^yLLI l) 4 — ~V .OJ-4 yf-A L*i 

4 /1 *1 1 oL*j J jMJ 4 ■■-*’> 1*1 .H5UI Ifcj*— vil 4 .« Jl. «j (jtUI ^Jli 

iIaj (/ Ul a_^aSfl iJJaSj L**j ^1)1 *_rA»yi J> *_> i (Hydrolases) 
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^j^ji jj ljlji l'HIj <5Cj i _ *j i * ^ j ^ ->.n 

j- dJj-ij . Isomerases S^LLiU Isomerases ^LliSJI ^LJl 

.(Ligases) <jj£JLI oLu jj^J Sj--£>VI 

<£. _^J.I Sub- subclass jLA'il JUj iJUJl Jl ^ 

j ^JjJI NAD a^tL^JLl JJi ,aj . I, accepter <ai~i_.aU 

,qJI.... molecular Oxygen CA^Sij'yij 3Cytochrome 

- < t j)~» k tij 5j_uoS^ii ijjLo-i j/j yj 

i 4 « l~i . a 1 1 <C ^a^k 1,1 J UZJ.& <lsll)l < <* j a aJLI ^ i^J LjJI jkijJl L-»t 

<XJ — oil < — C.J — «ilj .^£jl... ,J l ... 5> ^jj£JIj (JxJjiLS) < — CJ — a^-o 

<Jlyil <£^a^ 1,1 <i ±i l »j sj^oVI <iuu o jj .aj jj (Hydrolases) 

^ 1 1 -.Vj-v .11 ^j£. jyi-t ±JL_JI — 6 cjIaj^j V I 1 — *1 .Lyase 

jl^il < ».vala £_iob ^vS^Jl )u$J <j^iU oLoj_yjVI L>1 nJ^ o- L -a i 

kjloAx (Seroal Number) ^.mLx.'dl <_xi& jlLx ^iJlj - j 

0 

.<J ^ fl il -V. Lia Li In 1 
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jjL— 

^Ic <->jl t-k II tLuu^JI ^ Lfrjltulijj cljI l_-kJI 4 uL»j — i til *1 > • »SJ1 _ 1 

.1984 I jl-iij j j.ili-l 1 j ^ 11 jl> mV! < ^ ->• j~ 

2 - Comprehensible Biochemistry by Michael Yudkin and Robin Offord . 

1973. 

3 - Cell Biology, Structure, Biochemistry and Function, Second edition, 

Phillip Shecler Donald E. Bianchi. 

4 - Principles of Biochemistry by Lehninger, Worth Prblisher Tnc. 1982. 

5 - Biochemistry: ASybopsis Bianes. Colby, 1985. 

6 - Physical Biochemistry, Applications to Biochemistry and Molecular Bi- 

ology. 

.1989 <(_jljj^Jl .j jvlii &LaJI o C . xu Lml — 7 

8 - Biochemistry by Stryer, 1983. 
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